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Abstract
In an attempt to synthesize "Type 2" nicotinic acid 
crown ethers with a 3-carbinol appendage group, unexpected 
facile etherification was encountered during the cleavage of 
the tetrahydropyranyl (THP) group in acidic alcoholic media. 
The rationale for this reaction was provided by the 
examination of reactions with non-cyclic model compounds, and 
their THP derivatives in order to isolate any effects of the 
crown ether bridge. The 2 ,6 -disubstituted dialkoxy groups 
were found to contribute to the stabilization of the 
carbonium ion derived from the protonation of the 3-pyridyl 
carbinols. Thus, nicotinic crown ether with a 3-carbinol 
group was prepared with the exclusion of alcoholic media.
The preparation of "Type 2" nicotinic acid crown ethers 
with an aldehyde group was attempted. 3-Formylpyridino crown 
ether was obtained directly from the reaction of disodium 
pentaethylene glycolate and the diethoxy acetal derivative of
2 ,6-dichloro-3-formylpyridine.
The syntheses of crown ethers, such as 18-crown-6 and 
21-crown-7, with tripyridino moieties were accomplished. The 
Boekelheide rearrangement was employed to functionalize 
terminal pyridyl methyl groups to give the corresponding 
diol, which served as an important intermediate in subsequent 
cyclization procedures. The 1:1-ketalic macrocycles were 
transformed to 1 ,5-diketonic macrocycles, which then were
xv
converted to the corresponding tripyridino crown ethers.
The X-ray crystal structure of a tripyridino macrocycle 
trihydrate indicated that a new type of mu-H-bonding for 
pyridine and water. The same method utilized for tripyridine 
macrocycles was applied to the synthesis of a pentapyridine 
macrocycle with a single ether bridge. The ether linkage was 
formed at the early stage of synthesis. The middle ring of 
the pentapyridine moiety was formed from an appropriate 
1,5-diketone precursor at the last stage of synthesis.
In order to prepare a cyclic hexapyridine the 
bisformyldipyridine was converted to an 1 ,3-dithiane 
derivative, which was cyclized with 1 ,3-dibromopropane. The 
macrocyclic b i s (1 ,3-dithiane) was cleaved to a tetraketone. 
And finally cyclic hexapyridine was prepared from the 




The chemistry of macromolecules possessing subhetero- 
cyclic rings within a polyether framework has received 
considerable attention since C. J. Pedersen initially 
reported the first synthesis of crown ethers in 1967.1
The first crown ether, d i b e n z o - 18-crown-6 (J_) , was 
formed as an unexpected by-product in a preparation of 
b i s [2 -(o - h y r o x yphenoxy)]ether from b i s (2 -chloroethyl)ether 
and the sodium salt of 2 -(o-hydroxyphenoxy)tetrahydrofuran 
containing traces of catechol. The crown ether was isolated 
as a minor component in the form of white fibrous crystals, 
which were insoluble in methanol, but became readily soluble 
upon addition of sodium salts. This observation led to the 
discovery of the unique complexing power of crown ethers and 
eventually to the syntheses of wide variety of macrocyclic 
p o l y e t h e r s .
1
Simple crown ethers have numerous utilitarian 
possibilies and synthetic variation as demonstrated by:
1
2
1 ) incorporation of aryl ether moieties, which reduce 
the basicity and donor ability of the oxygen atoms;
2 ) variable ring size;
3) geometric arrangements of the ring donor atoms;
4) use of S, N, and/or P as the ring donor atoms;
5) heteroaromatic nuclei incorporated into the crown 
ether whereby the heterocycle donor atom is located 
in the ethano position which yields the optimum 
donor steroch e m i s t r y ;
6 ) donor sites incorporated into functional groups 
which provide rigidity with highly polarizable and 
selective coordination area, e.g., ester, thioester, 
amide, urethane, and thiourea;
7) multisite crown ethers which assemble linearly, 
angularly, radially, or spherically bound crown 
ether, and coronand rings (multiloops); and
8 ) chiral crown-/coronand-skeletons substituted by 
lipophilic alkyl chains or functional groups 
(lateral discrimination).
From the chemistry of crown ethers, knowledge about 
ligand topology, such as: dimensions of bonding states 
within a molecular framework; chirality; ligand dynamics and 
flexibility; the chemical nature of bonding and donor 
site(s); electronic properties (charge, polarity, 
p o l a r i z a b i l i t y , and van der Waals effect, number, form, 
size, and arrangement of donor site); ligand shell
3
(thickness, lipophilicity or hydrophilicity'on the whole 
polarity); reaction medium (general and specific solvation 
effects in the complexed and uncomplexed state); 
cation-anion interaction; and influence of medium on cation- 
anion interactions are but a few parameters currently under 
evaluation.
Thus, polyfunctional macromolecules have numerous 
applications. Macrocycles can selectively solubilize ions, 
and therefore can be used for ionic separation, nonaqueous 
catalysis, isotope separation, ion-selective membrane 
electrodes, selective metal ion analysis, and phase transfer 
catalysis. Application in the studies of synthetic models for 
physiological ion transport process, receptor and enzyme 
interaction, and even solar energy s t o r a g e ^  has been 
envisioned.
Synthesis of macrocycles with subheterocyclc units 
can especially serve a variety of uses; mimics of pyridine- 
linked nucleotides, catalysis, specific or selective 
complexing agents, drugs, and chiral reducing (oxidizing) 
r e a g e n t s .
I - 1. Nomenclature.
Macrocyclic polyethers can be assigned unique, but very 
cumbersome, names via the IUPAC rules for bridged 
hydrocarbons (Rules A-31 and A-32).3 The rules for fused-
4
polycyclics (A — 21 to A-23) likewise give unequivocal but 
impossible names. "Crown" names'* developed by Pedersen 
consisted of, in order: a) the number and kind of hydrocarbon 
rings; b) the total number of atoms in the polyethereal ring;
c) the class name, crown; and d) the number of oxygen atoms 
in the polyethereal ring. According to the ring symmetry, 
the prefix sym- or asym- is used. "Crown" nomenclature 
serves to identify polyethers in a simple, but reasonably 
accurate manner, however structural formulae are still 
recommended for positive identification.
In order to circumvent the disadvantages of Pedersen's 
crown nomenclature, W eber and Vfigtle suggested "coronand" 
nom e n c l a t u r e .5 Accordingly, a distinction is made between 
the classical cyclic oligoethers ("crown ethers") and 
monocyclic coronands. The multidentate monocyclic ligands 
with any type of donor atoms are called coronands ("crowns"), 
while the term "crown ether" is reserved for cyclic 
oligoethers containing exclusively oxygen donor atoms. Weber 
and Vfigtle's nomenclature^ is specified as follows:
1 ) The number preceding the angular brackets < > gives 
the ring size. In the presence of (hetero)aromatic 
subunits in the ring, the shortest 
link to the next donor atom is considered.
2) The angular brackets < > contain the following 
o r d e r :
a) donor atoms, expressed by the elemental symbols;
5
b) bridges, i.e. C-C chains between the donor atoms 
denoted by numbers which correspond to the 
bridging C-atoms, bridge units like aromatic 
nuclei or more complex groups. The designation 
" 2 " for ethano, the most common bridge, is 
omitted if only this kind of bridge unit is 
present or if such a procedure does not curtail 
the clarity of the structure;
c) class name (coronand);
d) the total number of donor heteroatoms.
In the case of O/N/S macrocycles, where ether oxygens 
are successively replaced by other heteroatoms, the sequence 
of the ligand donor sites is given by heteroelemental 
symbols arranged in the order of priority laid down by IUPAC 
rules. Heterocycles with donor sites are treated as single 
atoms of highest priority. Substituents and functional 
groups in the basic skeleton (class name) are denoted by 
prefixes and suffixes. Examples for coronands containing 
pyridine subunits are;
1 8 <0 5 ~ ( 2 ,6 -pyridino)-( 1 ,2 - 
b e n z e n o ) *2 2 *( 1 ,2 -benzeno)- 
1 • 1 -coronand- 6 >
6
18 <( 2 ,6 - pyridino) 5 ~coronand- 6 >
1-2. General Synthetic Approaches.
In general, aromatic crown ethers are prepared by 
straightforward condensation methods, as demonstrated by the 
stoichiometric equations in Scheme 1. R, S, T, U, and 
V represent divalent organic groups. In Method 2, the 
starting diol with the O-S-O linkage is made by attaching a 
base stable protecting group, e.g. benzyl, tetrahydro- 
pyranyl, or trityl, to one of the aromatic hydroxyls, two 
equivalents are then condensed with Cl-j3-Cl, and the 
protecting group is subsequently removed. This is the most 
versatile synthetic route to crown ethers containing two or 
more aromatic groups particularly with an odd number of 
oxygen atoms in the ethereal ring.
Usually there are two major routes to incorporate the 
pyridine moiety into the cyclic framework: 1) exploiting the 
preformed pyridine upon the cyclization; and 2) incorporating 
.terminal functional groups which, upon cyclization, are
Method 1 
\ ^ O H
2 NaOH +  Cl—R—Cl ---------->
A » * X\  +  2NaCl +  2 H20  O r
Method 2
-OH H O s ^
+• 2 NaOH +  Cl—T—Cl ---------->
Y O - T — 0 > +  2 NaCI +  2 H20
/ ^ O - S - O
Method 3
OH
2 II + 4  NaOH +  2 Cl—U-CI ---------->
/  ^ O H
\  ̂ O - L - O n , /
I I +■ 4 NaCI + 4 H20
Method 4
OHX/ \ Q - V - C I +  2 NaOH -------- >rxc/ \ o - v - o ^ \ +  2 NaCI 4- 2 H20
Scheme 1. General Synthetic Methods of Crown Ethers.
8
converted to the heteroaromatic moiety. In most cases, the 
former method has been easily utilized. In case of 
sterically hindered, rigid systems such as multi- 
heteroaromatic crowns, direct introduction of a pyridine 
ring will, perhaps, be difficult and the latter approach 
will circumvent many difficulties in macrocyclization.
Similar examples of the latter method have frequently 
been found in the synthesis of m u s c o p y r i d i n e .?
I I . Pyridino Crown E t h e r .
The C-O-bridged pyridino-crown ethers are classified 
into two types: Type 1 those possessing a bridge-oxygen 
isolated from the pyridine subunit; and Type 2 those with the 
bridge-oxygen directly attached to the pyridine ring.
II-1. Syntheses of Type 1 Pyridino Crown Et h e r s .
(A) General Examples.
Newkome and Robinson, in 1973, synthesized early 
examples of this type such as pyridino crown ether 3^ 
prepared from 2  ,6 -b i s (hydroxymethyl)pyridine (2 )̂ and 
1 ,2 - b i s ( b romomethyl)b e n z e n e . 8
9
I. N aH .D M E
A
P  0 n = 1
2 . CH2 Br
CH 2 Br
n = 2
HO H c; n=3
2 d; n=4
Later, Cram jet £l^ reported the synthesis of various related 
multiheteroaromatic macrocycles of this Type 1 class by 
standard methods.9 Treatment of with tetraethylene glycol 
ditosylate, potassium tert- b u toxide, and 2.5% water gave 
monopyridine-18-crown-6 (4). Similary, catechol and 2 gave
TsO(CH2 CH2 )4 o T8,












the diaza-18-crown-6 (J7) . The reaction of hydrobromic acid 
with 2 gave both the mono- and dibromide (5̂ ) derivatives. In 
tetrahydrofuran (THF) , the disodium salt of ethylene glycol 
was treated with 5 to yield sym-dipyridino-18-crown ((>).
In order to prepare the unsymmetrical macrocycle 1 1 ,
2 -hydroxymethyl- 6 -picoline was metalated, and then treated 
with 2 -chloromethyl- 6 -picoline to give ether j), which was 
oxidized with hydrogen peroxide in acetic acid to give 
bis-N-oxide j). This bis-N-oxide was converted to bis-acetate 
via the Boekelheide rearrangement in order to introduce the 
hydroxyl groups. Hydrolysis of acetate was accomplished under 
basic conditions to give the dicarbinol _1_0 , which upon 
treatment with sodium hydride and diethylene glycol 
ditosylate furnished the asym-dipyridino-18-crown-6 ( 1 1 ). 
Furthermore, the treatment of diol _1_0_ with jj following the 
metalation gave sym-tripyridino-18-crown-6 (12). Reaction of 
the dialkoxide salt of 2 with 5 gave sym-dipyridino-12- 
crown-4 (13) and sym-tetrapyridino-24-crown--8 (1 4 ) , along 
with traces of 1 2 .
H




I. Ac2 0 ,
7 0 -  8 0 *C*














io 2 6 h
N aH .TH F
13 
( 6%) I 6%)14
In 1980, Whitney and Jaeger prepared various labeled 
pyridino-18-crown-6 (15-19) in order to study their mass 
spectral fragmentation p a t t e r n s . 1 0  Their synthetic 
approach is demonstrated by the application of typical 
pathways to the labeled crown ethers.
1. NaBD4 ,EtOD D‘() t  %
2. N a H /T H F  £  J )
Me20C N C 02 Me 3 -fto tC H zC H ^T s 0  CT
15
T H F -H2O 
Z(T$OCD 2 C H 2 0 -
CH 2 C H 2  >2 °
| . M e 3 C O K ^  .  ( 3 3 % )
16
L 3 ^  °"| ( 2 8 % )
T H F -H20 ^  J
2. (TsOCH2CH20- 0 0
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I. N aH /T H F (44%)
H n
In order to circumvent the difficulties involved in the one- 
pot Williamson synthesis of the sym-ma c r o c y c l e s , McKervey 
and O'Connor used the dibutylstannylene derivatives of a 
glycol for the preparation of open-chain d i o l s . 1 1  
Dibutylstannylation activates one hydroxyl group of a glycol 
towards electrophilic attack after which the second hydroxy 








Pyridino crown ethers 21a-c were prepared via a high 
dilution cyclization p r o c e d u r e ^  from 2  ,6 - bis (chloro- 
methyl)pyridine with 2 ,2 (ethylenedioxy)diphenol or its 
analogs. 13 Pyridine N-oxide crown ether _22̂  was 
synthesized from 2, 6 - b i s (bromomethyl)pyridine N - o x i d e , while 
23 was prepared by oxidation of 21c with m-chloroperbenzoic
a c i d . 1 3
9 -
2 1 a; n = 0 22 23
b; n = 1  
c; n = 2
Spurred by the surprising complexation of the uncharged 
hexadentate dibenzopyridino guest crown, Weber and Vflgtle 
discovered that the heptadentate tribenzopyridino crown 27_ 
was a new host for the complexation with alcohols.14
Benzyloxyphenol 2_4 was treated with KOH in boiling 
ethanol and ethylene chlorohydrin to give 25_, which was 
tosylated and reacted with catechol. The resulting 26 was 
hydrogenated, to remove the protecting group, and finally 
cyclized with 2 ,6 -bis(chloromethyl)pyridine to give 27.
15
n^ ^ 0 C H 2Ph Cl OH









The syntheses and cation complexing properties of a 
large number of polyether-dilactones have been r e p o r t e d . 15 
In general, while forming weaker complexes than their 
polyether counterparts, these dilactonic macrocycles exhibit 
significant affinities for primary alkylammonium, alkali, and 
alkaline earth cation. Incorporation of the dilactone 
functionality into the crown ether framework can be 
accomplished by reaction of: 1 ) dibasic acids (or diesters) 
and glycols; 2 ) salts of dibasic acids (usually potassium, 
silver, or cesium ions) and alkyl dihalides; and 3) diacid 
chlorides and g l y c o l s . 15
16
Reactions of the parent or 4-substituted
2 ,6 -pyridinedicarbonyl chloride with the appropriate 
oligoethylene glycols have been shown to generated the 
corresponding bis-lactones (28-30).1®
); 29 (X = C 1 );
a (n = 1); b (n=2); c (n=3); d (n=4).
When 4-nitro-2, 6 -pyridinedicarbonyl chloride (3 1 ) was treated 
with tetraethylene glycol, the 4-chloropyridino macrocycle _29_ 
was fo r m e d . 1 7  Although Bradshaw et^ a_l_. tried to explain 
this phenomenon by the template effect, a better rationale 
can be provided by postulating an initial attack of pyridine 
on another acyl chloride group, followed by displacement of 
the nitro group by chloride ion. The acyl pyridinium salt can 
then undergo alcoholysis and the resulting dicarbonyl 
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Scheme 2. Proposed Mechanism for the Substitution Reaction of 
30
Crown ether lactones 32a-b were prepared by reaction of
2 ,6 -pyridinedicarbonyl chloride and oligoethylene glycol- 
connected catechol d e r i v a t i v e s . 18
* V O v ) J  _32£; (n=1); b (n=2)
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(C ) 1 ,4-Dihydro-2, 6 -pyridine Crown Et h e r s .
In studies associated with NADH enzyme models, Kellogg 
et a l . ^  prepared 1 ,4-dihydro-2, 6 -pyridino crown ethers 
3 3 . The Hantzsch condensation was used for the preparation of 
C,0-bridged 2,6-pyridino macrocycles via treatment of methyl 
yvbromoacetoacetate and appropriate oligoethylene glycol. 
After protecting methyl X-bromoacetoacetate, as its sodium 
chelate, nucleophilic substitution was conducted to afford 
oligoethylene glycol X - a c e t o a c e t a t e , which on subsequent 
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(D) Nicotinic Crown Ethers.
Newkome and Marston prepared nicotinic acid macrocycles 
34 (1:1; Type 1 crown ether) along with 2:2-macrocycles from
the reaction of 2 ,6 - b i s (bromomethyl)nicotinic oxazoline and 
oligoethylene g l y c o l s . 2 0  Also, ethyl 2, 6 -b i s (b r o m o m e t h y l )- 
nicotinate was treated with dibenzotetraethylene glycol to 
give dibenzonicotinate macrocycle 3_5. Dibenzonicotinic 
oxazoline crown ether (3 6 ) with ethylmagnesium bromide 
afforded, after oxidation, the 4-substituted macrocycle (3 7 ) 
in high yield; however, under identical conditions, the 
non-oxazoline macrocycle 2 1 b was recovered in t o t o .
34 n = 2 ,3 35
36 37
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(E ) Chiral Crown Compounds.
In order to enable recognition of a chiral guest, a 
host must satisfy at least two conditions: 1 ) it has to make 
available a suitable cavity for complexation, to which 2 ) a 
fine structure can be imparted by incorporation of chiral 
barriers. A diastereomeric host-guest relationship must be 
able to develop so that an chiral enantiomeric guest has an 
energetically favorable interaction with the host (chiral 
discrimination) to complex one of the two enantiomers 
specifically. Usually chirality incorporation into a crown 
ether results in C 2  symmetry, which can be obtained from 
chiral presursors belonging to this point group, such as, 
















Chiral macrocycle 39_ was synthesized from the chiral subunit 
N , N , N ', N '-tetramethyl-L-tartramide, derived from L-(+)- 
tartaric acid, by a modified Williamson synthesis.21
Me2N0C,. OH T| oEf Me2NOCw<
M e 2 N 0 C ^ ^ 0 H D M F  M e 2 N
0NM e2
^ C O N M e c
39
Condensation (KOBut , THF) of _5 with 1 ,3:4 ,6 -di-O-methylene- 
D-mannitol has resulted in the isolation (40%) of 40.22 
Whereas, with 1 ,2:5, 6 -di-O-isopropylidene-D-mannitol (NaH, 
D M S O ) the chiral macrocycle 41 was generated.
4140
Structural recognition in molecular complexation between 
organic entities depends on the complementary placement of 
binding sites and steric barriers in the host and guests.
22
Incorporation of the chiral binaphthyl group into the 
macroring provides unique rigidity. 9 1 24 >j>he dihedral
angle between two naphthalene rings of (S)-(-)-2,2,-dihydroxy- 
1 , 1 ' -binaphthyl in Corey-Pauling-Koltun (CPK) molecular 
models appears capable of varying between 60 and 1 2 0 °.
Wit h  an angle of ca. 75°, the two oxygens are located, with 
respect to one another, about the same juxtaposition as they 
are in gauche ethylene glycol. Chiral binaphthyl subunits are 
potential chiral barriers that should impart to hosts the 
property of chiral recognition toward appropriate guest 
m o l e c u l e s .
Treatment of (S )-(-)-38 with 2, 6 -b i s (c h l o romethyl)- 
pyridine in THF/t-BuOK gave both (-)-42 and (-)-(S , S )- 4 3 .
The two sets of 3,5-hydrogens on the pyridine rings of 43_ are 




NMR spectrum at different chemical shifts $ 6 . 3 2  and
42 43
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Treatment for (-)-(S )-38 with benzhydryl bromide, for 
steric reasons, gave mainly a monosubstituted product 4 4 , 
which serves as a starting material for (S,S)-45-47, as shown 
in Scheme 3.
44A-KOBu* THF
2 .  HCI
3 .  KOBU




(5 .5 )-46; X=0 (44%)
(5.5)-47; X = C H 2  (29%)
Scheme 3. Synthetic Routes to the Chiral Crown Ethers with 
Binaphthyl Hinges.
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Bradshaw et a l . 2 5  reported the preparation of a 
series of chiral crowns 48-49 by the utilization of chiral 
tetraethylene glycols, derived from mandelic acid and lactate 
ester (see Scheme 4). Although they used a rather long series 
of synthetic routes, their products have only two chiral 
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Scheme 4. Synthetic Routes for Chiral Tetraethylene Glycol 
Derivatives.
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(F ) Multiloop C r o w n s .
In an attempt to provide a host for the simultaneous 
selective complexation of several different types of 
alkali/alkaline earths as well as heavy metal ions, Weber 
synthesized the spiro-linked triloop pyridine crowns 50.26 
The synthetic strategy to these triloops is characterized by 
stepwise cyclization, making use of blocking-deblocking 
t e c h n i q u e s .
HO— w — OH 1 PhCHO, HCI
h o - A - o h  2 -
TsO 0  OT*
v y
H2 . P d / c  
EtOH





II-2. Host-Guest Complexation of Type 1. Crown E t h e r s .
(A) Protonated Pyridino Crown E t h e r s .
The p K a values of various pyridinocycles are shown in 
Table 1.27 The p K a values for the monoprotonated 
species of £, (5, _1_2, and _1_4 are remarkably similar (4.8-5.3), 
, a fact that indicates that the microscopic environment of the 
monoprotonated compounds is quite analogous. CPK molecular 
models suggest that any direct intramolecular hydrogen 
bonding of the N H + with either the ring oxygens or 
nitrogens involves poor bond angles and/or conformation. The 
pK a values are close to that of pyridine (5.2) itself; £,
1 2 , and _1_£ have p K a values of between 3 and 4.
In contrast, the p K a of the monoconjugate acid of _1_3_ 
was 7.9, whereas, that of the diconjugate acid was less than
3. Clearly the monoconjugate acid of _1_3̂ is unusually 
stabilized (ca. 4 Kcal/ mol more stable, relative to its free 
base)! CPK models suggest that its structure can be depicted 
by J3J_, in which one proton is shared by two nitrogens and two 
oxygens; thus it is a stronger base than 2 ,4,6 -trimethyl- 
pyridine. Since the nitrogens of _1_3 are weak nucleophiles and 
the p K a of the monoconjugate acid is close to physiological 
pH 7, like imidazole, J_3 is thus a good, general basic 





Table 1. Conjugate acid p K a of Pyridinocycles and 
Open-Chain Models in Water at 20°C.
Compound Values of p K a
Name Monoprotonated Diprotonated
pyridine 5.1
2 ,4, 6 -Trimethylpyridine 7.4
2 ,6 -Bis(methoxymethylJpyridine 4.9
Monopyridino-18-crown-6 (4) 4.8
sym-Dipyridino-18-crown-6 (6 ) 5.3 3.6
Tripyridino-18-crown-6 (12) 5.3 3.7
sym-Dipyridino-12-crown-4 (13) 7.9 <3
sym-Tetrapyridino-24-crown-8 (14) 4.8 >3
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(B ) Alkylammonium Salt Co m p l e x e s .
Timko et a l . 2 9  investigated the structural features 
of crown ethers in the complexation of t-butylammonium salts. 
The stability of _t-BuNH3 + -crown ether complexes in C D C I 3  
was measured spectroscopically by a method involving 
partitioning of t-BuNH 3 +X~ between D 2 O and CDCI 3 in 
both the absence and presence of crown ethers. The mole 
ratios of t:-BuNH3 +X “ to crown ether in CDC I 3  were 
determined. The association constant (Ka , liter/mol) for 
the equilibrium in Equation (1) was determined and the 
corresponding free energy of complexation (Ag^, Kcal/mol) was 
calculated from Equation (2).
K a
"Crown" + t-BuNH 3 + X~ + — ? t-BuNH 3 + CrownX“ (1)
“  CDCI 3
A g *= - RT In K a (2)
= -4.58 T log K a
From the free energies for association of the known 
macrocycles £, j>, and J_3.' those of the nine possible pyridino 
18-membered crown ethers (52-60; Fig. 1), with t-BuNH 3 + 
were dete r m i n e d .27 For t-BuNH 3 + as guest, interactions
with six-binding sites are classified into O  HN+ , O  N + ,
N p y  HN+ , and N p y  N + interactions, which contribute
additively to the free energies for association. The
gure 1. Nine Possible Complexes of t^-BuNH3 +Cl“ with 
Oligopyridino Crown Ethers.
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interesting question of whether the pyridino nitrogen or the 
ether oxygens are the better H-bonding sites in 4_, could be 
answered by the crystal structure of the t-BuNH 3 + 
perchlorate complex of pyridino-18-crown-6 ( 6 1  ).3®
Figure 2. X-ray Crystallographic Structure of 6 1 .
Four different kinds of free energy contact site 
parameters deduced from complexes of 4_, 6^, and _13^ were used 
to predict the free energies of association of the unknown 
macrocycles 52-60 (Table 2.).
N - _ ' 0
61
32
Table 2. Predicted Free Energies of Association of
t-BuNH 3 + Cl~ with Hosts of Complexes 52-60 at 0°C.
Host A d * o f  assoc, 
Kcal/mole
Host A G *  of assoc, 
Kcal/mole
52 - 6 . 0 57 - 6 . 6
53 •V01 58 - 6 . 6
54 -6.3 59 -6.5
55 - 6 . 8 60 -6.9
56 -6.3
Although the estimated values for the free energies of 
formation of these complexes indicate that they are not the 
best hosts for t-BuNH 3 + complexation, the pyridino and 
ether oxygens show a different balance of complexing 
abilities toward different metal cations.
Pyridinocycle 21b and _22 also were complexed or formed 
complexes with ammonium salts. Lactone 28a complexes with 
alkylammonium ions when the pyridino subunit contains a 
conjugated electron-donating group. Alkylammonium complexes 
are stabilized. The conjugated electron-withdrawing groups 
destabilize the complex, with respect to the unsubstituted 
pyridino c r o w n .17 Furthermore, ring size has a significant 
influence on the kinetics of complexation; thus as the ring 
size increases from 18-members, the complexibility decreases!
X-ray analysis of 28a showed that all of the heteroatoms 
are in about the same plane and the cavity is almost 
symmetrical.31 The magnetic equivalence of the protons of 
a given methylene group of the crown _62̂  is destroyed upon 
complexing with an alkylammonium cation.32 This is caused 
by a loss of the plane of symmetry; therefore, the magetic 
nonequivalence is shown for the protons labeled H a and Hfc.
Hosts _£5 and 46 exhibited chiral recognition toward 
phenylglycine and valine methyl ester hexafluorophosphate 
salts with higher recognition for the former, whereas _£3 was 
less e f f e c t i v e . 33 The major factors that influence the 
binding strength as well as chiral recognition are probably 
the greater basicity and more rigid positioning of hetero- 
atom(s) of the pyridine vs_ that of the C H 2 OCH 2  moiety, 
and the N- v £  two O-eletron pairs. These chiral macrocycles 
serve as optically active catalysts at chiral centers.
34
Chiral recognition by the ( S , S ) ~  and (R,R)-enantiomers 
of _48 for several chiral alkylammonium cations has been shown 
by VTNMR studies, titration calorimetry in methanol, and 
selective crystallization. A similar chiral macrocycle 49a 
(X=H) did not show enantiomeric recognition for chiral 
organic ammonium cations when the same experiments were 
c o n d u c t e d .
(C ) Intramolecular C o m plexes.
The primary and secondary structures of proteins are 
determined by the patterns of covalent bonds and intra­
molecular hydrogen bonds between neighboring amino acid 
residues. Pyridino cyclic complexes designed with the help of 
CPK molecular models, can show similar features. 
Electronically complementary units can be held by support 
structures in positions relative to one another to maximize 
their attractive interactions, which involve hydrogen 
bondings and other dipole-dipole forces.
In 63_, the substituted benzoic acid and pyridine 
nitrogen are transannularly incorporated in a ring, so that 
the carboxyl group converges on the N-lone p air.34 Acid 
63 was synthesized by hydrolysis of the corresponding 
methyl ester, which was formed from methyl 2 ,6 -dimethyl- 
benzoate and 2 ,6 - b i s (hydroxyethoxy)lutidine. As expected from 
its design, the nonbonded distance between the carbonyl
35
and the flanking ether oxygens ( 2 . 8 4  to 2 . 8 7  A )  is 
considerably shorter than the normal van der Waals distance
( 3 . 1  A ) .  This fact suggests the presence of 0 -----C = 0
attractive forces. Such interactions have been previously
studied.35 The anticipated CO2H N hydrogen bond is
shorter and linear (N to 0 distance: 2.66 A). The structure 
is not zwitterionic, thus _63̂  is an analog of the 





Bartsch and Juri used kinetic techniques to determine 
the relative complexing ability of crown ether dilactone 
with p-butylbenzenediazonium tetrafluoroborate.36
36
Table 3. First Order Rate Constant for the Thermolysis of 
t-Butylbenzenediazonium Tetrafluoroborate in 1,2- 
Dichloroethane at 25°C (exp. error +4%.)
Compound Rate Constant, 10“ 4 sec - 1
18-crown-6 (28a) 2 . 0 1
Dioxo-pyridino-21-crown-7 (28b) 0.58
4-Methoxy- " (30b) 0.52
4-Chloro- " (29b) 0.79
Dioxo-pyridino-24-crown-8 (29c) 1 .48
Comparison of the relative complexing efficiencies of 
pyridino crown ether lactones shows the same ring size effect 
observed with other crown ethers. The 21-membered bis-lactone 
28b is the best complexing agent in this series. Effects of 
pyridine substituents upon complexation efficiency are 
revealed by comparison of the electron-donating jys. electron- 
withdrawing substituents, the latter produces less efficient 
complexation.
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(E) Metal Ion Complexation.
Cyclic polyethers have opened the way to a comprehensive 
study of coordination chemistry related to alkali, alkaline 
earth, and lanthanide (III) cations. Despite this fact, few 
thermodynamic data for metal-ion complexation are available 
because of the inherently poor nature of complexation.
In general metal-ion complexes of cyclic polyethers can 
be classified into three types: 1 ) those in which the cation 
fits nicely in the host cavity; 2 ) those in which the cation 
is too large to fit in the ligand cavity and therefore, it 
lies above the cavity of the cyclic polyether; and 3) those 
in which the cation is too small for the cavity resulting in 
the ligand wrapping around the cation or complexing with two 
cations. In the few cases in which the cation is in the 
center of the cavity, the ligand is somewhat distorted to 
accommodate the ion. For the aforementioned types one and 
two, the stability of metal ion complexes is primarily 
related to a relationship of cation to cavity size. The 
complex stability is maxium when the cation is the same size 
as the cavity.
Substitution of heteroatoms alters the complexation 
selectivities. The relatively hard, polar oxygen atoms 
strongly complex the hard alkali and alkaline earth cations; 
whereas the soft £>- and N-donor atoms prefer transition metal 
ions. Thus incorporation of pyridine, which is a soft donor
38
enhances the crown ethers' ability to complex transition 
metal ions.
If the pyridine nitrogen is incorporated into 
18-crown-6, the stability of the alkali metal ion complexes 
drops only slightly (Table 4). The dipole moment of pyridine 
(2.19 Debye) is greater than that of diethyl ether and this 
should contribute greater complexibility. However, two 
destabilizing factors are probably incorporated: 1 ) the 
greater distance to the center of the pyridine dipole, and 2 ) 
the unfavorable solvation caused by the increased bulk or 
rigidity instilled into the ligand. It is significant that 
the N a + complex changes little in stability between 
18-crown-6 and p y r i d i n o - 18-crown-6. The explanation of this 
observation is that the Na+ ion interacts most strongly 
with five of the ether oxygens in 18-crown-6 and more weakly 
with the sixth. Thus, if one donor atom is substituted in 
18-crown-6, the original five that complex are still present. 
The K + complex stability constant is more affected by 
substitution of one oxygen donor because in 18-crown-6, it is 
associated equally with all oxygens. When oxygens in the 
crown ethers are replaced by lactonic oxygen, the stabilities 
of the complexes decreases significantly because of decreased 
electron density at oxygen atoms caused by the adjacent 
carbonyl group. If a pyridine group is placed between two 
lactone groups, complex stability is largely restored because 
it reinforces the cavity by the introduction of rigidity
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Table 4. Stability Constants for Reaction of N a + f K+ , and 
Ba2+ with 18-Crown-6 and its A n a l o g . 37
Log K
Ligand Na+ K+ B a 2+
18-Crown-6 4.36 6.05 7.00
Pyridino-18-crown-6 4.09 5.35 5.50
2,6- D i keto-18-crown-6 2.50 2.79 3.10
2,6-Diketopyridino-18- 4.29 4.66 4 .34
crown - 6  (28a)
although the electron density at oxygen atoms adjacent to the 
carbonyl group is still less than the corresponding oxygens 
of pyridine-18-crown-6.
Pyridinocycle 21b showed capability of complexation with 
alkali metal salts, heavy metal salts, and rare earth salts. 
Pyridinocycle 21a has a significantly reduced cavity by 
incorporation of pyridine N-oxide, which might possesses Na/K 
selectivity. However, both macrocycles showed strong phase 
transfer properties with KMnC>4 , potassium picrate, and 
K S C N . 1 2
In a study of natural-abundance NMR spectra of 
22 and its KSCN complex, the spectra showed that alkali metal 
complexation produces at least as large or more often a
4 0
potentially larger, upfield shift of pyridine nitrogen as 
does it H-bonding with methanol, which indicates the 
participation of pyridine nitrogen in complexation.38
Cram et a l . 3 9  incorporated the pyridine subunit into 
an hemispherand framework. Compounds J5£ and ^ 5  show superior 
binding properties with Li+ , Na+ , K+ , Rb+ , Cs+ , and,
N H 4 + ions. The hemispherands apparently owe their 
excellent binding power to an enforced arrangement of at 
least the three adjacent binding sites such that no 
conformational reorganization occurs during complexation.
CH-
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(F ) Type 1 Crown Hosts for the Complexation
of Neutral G u e s t s .
Host-guest complexation involving uncharged species 
plays a fundamental role in biochemical processes such as: 
the base-pairing of nucleic acid and enzyme/substrate 
interactions. Although data on H-bond interactions have been 
g a t h e r e d , it is difficult to suggest specific hosts for
41
the complexation of neutral guest molecules. There is an 
obvious possibility that different substrates interact 
differently with the host, affording, on occasions, a 
complex, a solvate, et c e t e r a . Perhaps there are two possible 
factors for the formation of a host-guest solid adduct. The 
large size of crown ethers and the lack of rigidity might 
favor the trapping of other molecules in intermolecular 
cavities to gain a more favorable crystal lattice. The second 
factor, which probably influences the formation of such 
complexes, is the multiplicity of the electronegative 
heteroatoms distributed in the ring, which have the potential 
for interacting with the guest in the lattice leading to 
further ordering. For a complex with ambiguity whether the 
guest is enclosed in an intramolecular cavity of a single 
host molecule or located in an intermolecular cavity of the 
host lattice, only X-ray structural analyses can give the 
definite answers.
Neutral, stoichiometric crystal complexes of dibenzo- 
pyridino crown ether 21b with guests, such as 12-crown-4r 
and CH acidic molecules, such as acetonitrile, nitromethane, 
dimethylsulfoxide, formamide, N , N - d i m ethylformamide, and 
N,N - d i m e t h y l a c e t a m i d , were r e p orted . 1 2  For the structurally 
similar crown ethers 2 1 a , 2 1 c , 23 and _32, only 2 1 c , 2 2 , and 
32a form, to a lesser extent, similar neutral molecule 
c o m p l e x e s .
Ligand 27, for example, binds not only methanol but also
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other straight chain alcohols to various degrees, as well as 
2 : 1 -complexes (ligand:guest) with methanol, ethanol, and 
alcohols up to 1-heptanol. Longer alcohols, such as octanol, 
as well as branched alcohols (2 -propanol and 2 -butanol), do 
not form crystalline adducts. The melting points of the 
complexes are ca. 50°C, whereas the pure host is at 
102-104°C. Crystal lattice-inclusions similar to those of 
t r i - O - t h y m o t i d e 4 1 are most probably in operation. 
Tri-O-thymotide also crystallizes with a number of alcohols, 
but does not clearly select between lower-higher molecular 
weights or unbranched-branched alcohols.
An 1:1-complex has been isolated with the basic 4-(N,N- 
dimethylamino)pyridino crown 6S_ and C H 3 CN, as the guest.
The pyridino crown ester 28a forms an 1:2-complex with 
water as revealed by X-ray analysis.4 ^ water complex 67_ 
exists in an approximately planar conformation with the six 
potential donor atoms lying in a plane to with 0.26 A. The 
ether-coordinated water molecule lies below this plane, 1.49 
A from its center to optimize the hydrogen bond with O 4  
(0 - 0  distance 2.92 A) and to minimize the heteroatom 
repulsion. A second water molecule is H-bonded to the first 
(3.01 A).  Both water oxygen atoms are located in 
well-defined positions.
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c h 3vkj^€H 3
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III. Type 2. Pyridino Crown E t h e r .
Newkome e_t reported the preparation of C,0-bridged
2 ,6 -pyridino m a c r o c y c l e s , in which the bridging oxygens are 
directly attached to the pyridine ring, via the nucleophilic 
heteroaromatic substitution of the 2 ,6 -dihalo groups by the 
dianion of oligoethylene glycols.^3
n = 0-3
6 8 a; n = 0 Hi 69
1
n= 2 n=0-5
d; n=3 m = 0 , 2-5
For 2:2-macrocycle 69_ (n=m=0), VTNMR was studied and 
syn*=*anti interconversion was proposed. T h e v a l u e  was 
estimated as 13.5 + 0.3 K c a l / m o l , which was comparable to 
that of metacyclophane systems.44
This syn-anti interconversion could not explain the triplet
intact even at 2 2 3 K ° . 4 5  ^n "a n t i , longitudinal 
conformational isomerism" has since been proposed in which 
structures £  and d represent energy minima. The alternative 
mode "a n t i , transverse" ( a s = b )  would have afforded only a 
doublet for the 3,5-pyridyl hydrogens over the entire 
temperature range. Since the inherent imidate moiety has a 
dihedral angle of 0 + 1 0 °, macrocycles must possess a nearly
coplanar geometry in order to satisfy both the rigid angular 
constraint imposed by this moiety and symmetry 
considerations. This mode of conformational motion must be 
"anti, longitudinal". The VTNMR data were consistent for 
isomers c and d, in that equal isomer populations would be 
expected and the 3,5-pyridyl hydrogens are not magnetically 
equivalent at low temperatures, while the 4- and 4'-pyridyl 
protons are!
at 8  7.50 for the 4-pyridyl hydrogen, which was observed
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4m. m
III-I. Nicotinic Acid Crown E t h e r s .
Nicotinic acid crown ethers were prepared because of 
their close similarity to NAD (nicotinamide adenine dinucleo­
tide) dehydrogenase. The N,N-dimethyInicotinamide moiety 
was incorporated into a crown ether framework (Type 2) by the 
treatment of N , N - d i m e t h y l - 2 ,6 -dichloronicotinamide with the 
dianion of oligoethylene glycols to give the 1 :1 -macrocycles 
70, which were reduced to the corresponding amine derivatives 
(71) with sodium b i s (2 - m e t hylethoxy)aluminumhydride 
(" V i t r i d e " ) Enhanced protonation and metal ion 
coodination to the amide oxygen has been shown by NMR, 
however, without the carboxamide function, Eu(fod ) 3  
predominantly complexed with ethereal oxygens, as suggested
46
by the dramatic chemical shift of the e-methylene g r o u p . 4 6
Nicotinonitrile macrocycles, _72, were also prepared by 
treatment uf 2 ,6 -dichloronicotinonitrile, which was prepared 
by dehydration of 2 ,6 -dichloronicotinamide, with 
oligoethylene glycolates. Also, the E u ( f o d ) 3  shift reagent 
was employed to demonstrate that the predominant site of 
metal ion coordination in these nitrile macrocycles is again 
the central bridging ethereal oxygens.4^
0
Me2 NH,Et3 N 
Q  A ^ c i  DCM
0
C N M e ?
NH4CI, E t j N  
DCM CONMe2
0  0
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C H 2 N M B 2
71 n = l~3
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III-2. Spiro and Ketonic Crowns.
Newkome et_ al.48 synthesized spiro and ketonic 
macrocycles with specific cavities by application of the 
heteroaromatic nucleophilic substitution reaction. 
Ketalization of 2 ,6 - b i s (6 -bromo- 2 - p i c o linoyl)pyridine with 
0̂ -bromoethanol and base was accomplished to give dibromide 
73.^1 Macrocycles 74a-f were prepared from reaction of 
dibromide _73 and disodium oligoethylene glycolate. When 
hydrolysis of ketalic macrocycle 74a was attempted, 74a was 
hydrolyzed to give a series of pyridine ring-fragmented 
ketals 7 5 a - c , instead of the expected diketone. All other 
larger diketal macrocycles 74b-f were hydrolyzed to give the 
corresponding diketones. X-ray structures of 74b and 76a 
(n= 1 ) 4 9  indicated that 74b was globular in that the main 
backbone of the molecule wraps around a center cavity 
somewhat like the seam of a tennisball. The ketonic 
macrocycle 76a possessed an open conformation like a 
wheelchair. In both molecules, the imidate linkages have a 
near 0 ° dihedral angle and essentially cis geometry in 
relation to the pyridine nitrogen. In a similar mode, other 
spiro and ketonic macrocycles have been prepared.50 x-ray 
crystal analysis of (n=4) revealed^l that it possesses 
a cavity containing a neutral water molecule, upon the 
treatment with isopropano l - w a t e r , while 78^ (n=3) and J9_ (n=3) 
showed no evidence of included water.
M.02C'JS ^ O 2M ? r ^ _ >
/d £  \
X  NaH/Xylene \
IV. Pi- and Tripyridino Crown Ethers.
I V - 1. Type 1 Dipyridino Crown Ethers.
In order to circumvent the two major factors associated 
with Type 2 crown ethers, namely the diminished pyridine 
basicity and steric hindrance at a-po s i t i o n  caused by the 
imidate bond, which prevented complexation, in the Type 2 
series, dipyridino macrocycles, in which a methylene group 
was affixed at the 2 -position, were prepared by the reaction 
of oligoethylene glycols with 6 ,6 1 -b i s (chloromethyl)- 2 ,2 1-
dipyridine.52
50
+  H(U W H
NaH/THF
n= 1*4
—  1 1  m  n=1-4
m=1 -3
When 80 (n=4) was treated with an equimolar amount of 
C o C l 2 * 6 H 2 0  in boiling methanol, the crystalline complex 
82 was obtained. The X-ray d ata 5 3  indicated a 
pentacoordinated Co(II) of which one of the coordination 
sites is occupied by an ethereal oxygen atom [0i]- The 
complex conforms neither to square pyramidal nor ideal 
trigonal bipyramidal geometry, but perhaps is best considered 
to be a distorted form of the latter, since three of the 
donor atoms (Cl, C l 2 r and N 2 ) lie very close to a 
trigonal plane.
In view of the distorted cobalt geometry in the 1:1- 
macrocomplex _82_; the bis-copper (I I ) complex of dimer _81_ (m=i, 
n=3) was prepared.50 Construction of CPK models indicated 
that these binuclear complexes should possess a metal-metal 
distance ideal for the inclusion of an oxygen molecule and 
that it could thus be a synthetic oxygen carrier. However,
51
X-ray crystal analysis of Q3_ showed that the macroring 
possessed an i n , o u t -type conformation and this accounts for 
the observation that j33_ possesses dissimilar Cu(II) sites of 




IV-2. Type 2 Pi- and Tripyridino Crown E t h e r s .
Complexes of 2,2 ' -dipyridine and 2,2': 6 ',2"-tripyridine 
have been widely studied since Blau's discovery of Fe(II) and 
Fe(III) complexation by 2 , 2 1-d i p y r i d i n e . Newkome et al.54 
prepared several dipyridine crowns in which the connecting 
heteroatoms were directly attached to the pyridine. These 
were prepared via the reaction between 2 ,2 '-dibromo- 
dipyridine and dianion of the oligoethylene glycols.
In the crystalline state, the pyridine moiety is anti 
when the bridge is composed of more than four ethylene glycol 
units and syn for fewer units. In solution, VTNMR studies of 
macrocycle j54_ (n=4) indicate that an anti-conformation is 
preferred at 20°C, but syn at -70°C. Since the mean-square, 
unperturbed, end-to-end distance of polyethylene glycol is 
known to decrease upon cooling, it is to be expected that
84 85
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at diminished temperatures an increase in the population of 
the svn-conformation will result.
In order to identify the molecular origin of the 
behavior of dipyridine crown ethers in VTNMR, Monte Carlo 
calculations were performed by using an isomeric state model.
ethylene glycol, barely possible for triethylene glycol and 
most readily achieved with penta- to heptaethylene glycol. In 
case of hexaethylene glycol macrocycle cyclization can be 
achieved with little change in probabilities for occupancy of 
trans and gauche states by bonds in the polyethylene glycol 
chains of this molecule. The polyoxyethylene chain 
conformation at low temperature can most easily achieve 
cyclization since the rotational state of chain about the 
bond between the dipyridine rings tends toward s y n . In this 
conformation, the polyoxyethylene chain occupies a position 
away from the face of dipyridine. As the temperature 
increases, cyclization also becomes possible since the
»
syn anti
Calculations s h o w e d 5 ^  that cyclization is impossible for
5^
rotational state of chain about this bond tends toward a n t i ■ 
Part of the polyoxyethylene moiety is then drawn across the 
face of the aromatic system. The V T N M R  is a consequence of 
thermal alteration in the distribution of polyoxyethylene 
chain conformations consistent with cyclization. At -100°C, 
only about 5% of hexaethylene glycol-dipyridine macrocycle 
occupies the a n t i-configuration.
The inclusion of the dipyridine subunit into the 
crown ether framework was also accomplished by ring 
contraction of phosphorus macrocycle 86_56 ancj 
decarbonylation 79.50
NaO(CHfeCH2 0 )6 Na
e*2o, -6ctt ~
2- PhPCte
Xylene, 14 0 * C 




Although tripyridine is a well-known tridentate ligand, 
few macrocycles with tripyridine subunit have been prepared. 
The tripyridine crown ether with a hexaethylene glycol bridge 
was prepared from 2 , 6 - dibromopyridine. The diketone 
intermediate 87_ was transformed to tripyridine crown ether 89_ 
by treatment with methanolic ammonium acetate. X-ray crystal
55
analysis of tripyridine crown ether 8_9_ showed it to possess 
the anti-anti conformation 8 9 b , rather than the syn-syn 
conformation 89a envisioned for complexation . 5 7
EtO(
I. hJTIh , h+
Br-' Ti 'bT 2. Br g NqH>
9 9 M  m
'C(CH2>3|bOEt U fi7 0  H 0(C H 2fX 20)6H
88 n= 389Q
n= 389  b
V. Syntheses of Oligopyridines.
Despite the fact that numerous synthetic routes for 
pyridine synthesis have been exploited, only a few methods 
have successfully involved oligopyridines.
The synthetic routes for oligopyridines can be 
classified into two relevent categories: 1 ) synthetic 
derivation of the pyridine nucleus from open-chain molecules 
and 2 ) metal-catalyzed coupling reactions of pyridine rings. 
Although coupling reactions are synthetically simple, the 
lack of bond selectivity and reaction conditions, especially 
catalysts, make it desirable to use non-coupling procedures 
for the construction of oligopyridines.
V - 1 . Syntheses of Oligopyridines from Open-Chain Molecules.
In general, the synthetic approaches to the pyridine 
ring from open-chain compounds use many interrelated forms, 
thus a system of classification must be arbitrary. A number 
of synthetic routes are available, and the skeletal types, 
from which the ring is constructed, are shown in Figure 3.
Of the several synthetic pathways to pyridine ring formation 
that can be used in the synthesis of oligopyridines, the 
useful reactions are cyclization of a five-carbon chain, 3-2 
















1-3-1 Cond. 2-2-1 Cond, 2-1-2 Cond,
o o o
Cyclization not involving the ring nitrogen
Figure 3. General Synthetic Strategies for the Construction 
of Pyridine Rings by Condensation Reactions.
(A) Cyclization of a Five-carbon Chain.
The cyclization of a five-carbon chain is advantageous 
for the synthesis of oligopyridino crown ether because it is 
easy to access to a five-carbon chain via various synthetic 
r o u t e s .
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1,5-Diketones58 are most frequently exploited for 
the cyclization of five-carbon chains and are synthetically 
related to the 3-2 condensation, since they are usually 
prepared via Michael reaction of a  ,^3-unsaturated carbonyls 
and methyl or methylene ketones.
To produce the pyridines in one-step and high yields 
hydroxylamine can be reacted with the appropriate saturated
1,5-diketone. In this case, acid conditions are essential, 
since free hydroxylamine gave only the mono- or dioximes of 
the 1,5-diketones. However, these oximes may be cyclized to 
the pyridine derivative by subsequent treatment with acid. 
Although the mechanism of pyridine formation by hydroxylamine 
has not been elucidated, a possible mechanism can be
envisioned58 as follows:
(B) 3-2 Condensation.
The variations of such 3-2 condensation are numerous. 
These include the Krfihnke pyridine synthesis5^, which 
has been successfully utilized in the syntheses of
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oligopyridines. There are two synthetically useful 3-2 
conden s a t i o n s .
N N
Type A. Type B.
The first type is e x e m p l i f i e d ^  by the reaction of
1.3-dicarbonyls and methyl or methylenic carbonyls. The 
initial reaction involves a Knoevenagel reaction. However, 
this has not yet been adapted for oligopyridine synthesis, 
perhaps because of cumbersome preparation of the
1.3-dicarbonyl starting materials.
A second type is the combination of a,)3-unsaturated 
carbonyls with an active methylene (or methyl) compound. 
Nitrogen can be introduced via either component, or may be 
supplied later as ammonia. The products from these reactions 
may be either the dihydropyridines or pyridines themselves. 
The reaction mechanism involves initial Michael addition, 
followed by cyclization.
The Krflhnke r e a c t i o n ^  involves a,^9-unsaturated 
carbonyls (or their Mannich bases) and methylenic ketones in 
which the methylene group is additionally activated by an 
N-pyridinium group (acalkylpyridinium salts). The reaction 
mechanism is shown in Scheme 4.
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Scheme.5 Mechanism for Krflhnke Pyridine Synthesis.
Krflhnke's method has several advantages:
1 ) the reaction product is always a pyridine, not a 
dihydropyridine and in high yield;
2 ) the synthesis of substituted pyridines and oligo­
pyridines can be achieved from readily available 
starting materials;
3) substituents can be varied along the reaction 
pathways; and
4) introduction of substituents into the 2,4, and 6  
positions is facile.
Thus noncyclic oligopyridines up to heptapyridine have been 
prepared by Krflhnke's method.
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tlCH2)2NMe2
N h 40A c /
Me OH
+  PhCH=CH urn CH=CHPh
91
NH40 A c /A c 0 H
Using the Krflhnke reaction, Constable and L e w i s ^ O  
recently prepared a 6 ,6 "-dibromo- 2 ,2 1 :6 ',2 "-tripyridine 
derivative 92_, which was incorporated into the aza-crown 
ether framework.
B r ^ ^ C C H 3  +  2  ^  +  h  B r - ^ C C H ^ g )





Similarly, Potts et al^l prepared tripyridine 93_ 
utilizing the condensation of ketene dithioacetal, which was 
prepared from methyl ketone, CS 2 , and iodomethane, and 
methyl ketone under basic conditions. A pentapyridine 94 
derivative was similarly p r e p a r e d .
CH3
+ CS2 + CH3I ba se /SCHj
NSCH3
CCH3
b a s e  




t -  BuOK 
2 .  NH4OAC
94
During the preparation of p o l y ( 1 ,8 -naphthyridines) 9 5 , 
Evans and Caluwe 6 3  prepared (90%) the tripyridine 
derivative 96_, utilizing 4 -aminopyrimidine- 5 -carboxaldehyde 
with 2, 6 - diacetylpyridine. After removal of the aldehyde 
groups, the resulting diaminotripyridine can be incorporated 






Condensaton of ammonia and an aldehyde and a second 
aldehyde (or ketone) produces a pyridine or its dihydro 
d e r i v a t i v e .
Case and Kasper 6 4  prepared tripyridine 97_ via a 
2-1-2 condensation reaction. A mixture of substituted
2 - a cetylpyridine, b e n z a ldehyde, ammonium acetate and ammonia 
was heated in a sealed tube at 250°C for 5 hrs. Later this 
method was modified by using acetamide and refluxing at 
atmospheric p r e s s u r e . 6 6
<€H5CHO
NH4OAC
9 7 a ; R = H , R'=H 
b; R = M e , R'=H 
C ;  R = E t , R'=H 
cl; R = P h , R'=H 
e; R=H, R'=Ph
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Condensation of ammonia and an aldehyde with an active 
methylene ketone (the Hantzsch synthesis), such as ethyl 
ace t o a c e t a t e , requires only mild conditions and produces a 
dihydropyridine, which can be readily oxidized to the 
corresponding pyridine compound. Up to now, the Hantzsch 
synthesis has only been employed in a 1 ,4-dihydropyridino 
crown ether s y n t h e s i s , 6 6  and to date not in any 
oligopyridine macrocycle syntheses.
9 9 9
CH3 CCH2 C 0CH2lCH2OCH2 )nCH2PCCH2 CCH3 I. ( N ^ ) 2 c<̂  Hcqh
C O jjC H ^C O g C H ^
98 nr 2,3
Experimental
General Comments Melting points were determined on a
Thomas-Hoover Uni-Melt apparatus in capillary tubes and are 
uncorrected. Infrared (IR) spectra were recorded on either a 
Perkin Elmer IR-137 or IR-621 grating spectrophotometer. 1H 
NMR spectra were recorded on either a Varian Associates A60A 
spectrometer, an IBM Bruker N/R 80, or Bruker W P 200 FT 
spectrometer, 1^c n m r  spectra were recorded on an IBM 
Bruker N/R 80 spectrometer operating at 20 MHz or a Bruker WP 
200 FT spectrmeter operating at 50 MHz. The Th NMR spectra 
were measured in C D C I 3  solution, unless otherwise stated, 
relative to M e 4 Si, as an internal standard (§0.00). For 13c 
spectra the middle peak of CHCI 3  triplet was used as a 
reference peak (77.0 ppm). Mass spectra (MS) were obtained on 
a Hewlett Packard 5985 GCMS at 70 ev and recorded herein 
(relative intensity and assignment). The X-ray 
crystallographic analyses were performed by Dr. Frank R. 
Fronczek on an Enraf-Nonius C A D 4 automatic diffractometer. 
Elementary analyses were performed by Mr. Seab of this 
chemistry department or Galbrith Laboratories, Knoxville, TN.
Unless otherwise indicated in a specific experiment, all 
of the chemicals used were reagent grade and no additional 
purification has been done. Benzene, toluene, and xylenes 
were distilled over sodium and stored over molecular sieves. 
The C H 2 CI 2  was distilled over P 2 O 5  ot C a H 2 «
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Tetrahydrofuran (T H F ) or diethyl ether (Et 2 0 ) was distilled 
from sodium benzophenone ketyl or LiAlH 4 immediately prior 
to use. HMPT was distilled over sodium and stored over 
molecular sieves. N,N-Dimethylformamide (D M F ) was distilled 
over Ca H 2  and stored over molecular sieves in the 
d a r k . 6 7
Thin layer chromatography (TLC) was performed on 2 X 10 
cm Bakerflex® silica gel plates without activation. Alumina 
TLC plates used were from Brinkmann EM Aluminum Oxide 60F-254 
Type E or T. Preparative thick layer chromatography (T h L C ) 
utilized 20 X 40 cm glass plate with 2 mm thickness of 
Brickmann PF-254+366 silica gel and activated for a minimum 
of 4hrs at 120°C before use. Preparative alumina plates (20 X 
40 cm with 2 mm thickness or 20 X 10 cm with 1 mm thickness 
of alumina) were prepared with Brickmann EM-Aluminum Oxide 
PF-254 Type T. Column chromatography procedures utilized 
either silica gel (Baker, 60-200 mesh) or aluminum oxide 
(Brickmann EM, neutral, activity I, 70-230 mesh).
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Ethyl 2 ,6 -Dichloronicotinate. A suspension of 2,6-di- 
chloronicotinic acid (38.4 g, 20 mmol) in SOCI 2  (115 mL) 
was heated for 3 hrs at 50°C. After removal of SOCI 2  by 
codistillation with C g H 6 r crude acid chloride (45 g) was 
refluxed with EtOH (160 mL). The reaction mixture was 
evaporated under pressure and the residue was recrystallized 
from Et 0 H/H 2 0  to furnish the ester 1 0 0 ; 39.8 g (96%); mp 
4 8 - 5 0 0C (lit . 6 8  mp 49-50°C).
a r c^  - AIH4~ > a r ^ 0H
CI ^ U  AICI3.Et20 C |^ V ^ a
1 0 0 101
2 ,6-Dichloro-3-hydroxymethylpyridine. To the suspension 
of L iAlH 4  (860 mg, 22.7 mmol) and A I C I 3 (3.03 g, 22.7 mmol) 
anhydrous Et 2 0  (100 mL) at 0°C, was added ethyl 2 ,6 -dichloro- 
nicotinate (5g, 22.7 mmol) under nitrogen. The reaction 
mixture was refluxed for 3 hours, cooled, and quenched with 
water. The ether layer was separated and washed with water. 
After drying over anhydrous MgS 0 4  evaporation _in vacuo gave 
crude product. Elution of the crude product through a short 
column with C H 2 C I 2 gave a colorless product: 3.7 g (92.5%); 
mp 62-64°C; 1H NMR 8  3.30 (s, OH, 1H), 4.68 (s, p y C H 2 ,
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2 H ) , 7.21 (d, 5 - p y H , J=8.2 Hz, 1H), 7.83 (d, 4-pyH, J=8.2 Hz, 
1H ); IR (K B r ) 3245, 2910, 1570, 1534, 1420, 1142, 826 
cm- 1 ; MS m/e 178 (M+ , 14.8), 160 (M+ - H 2 0, 9.8),
142 (100); A n a l . Calcd for C 6 H 5 C 1 2 N0: C, 40.48; H,
2.83; N, 7.83. Found: C, 40.58; H, 2.67; N, 7.76.
Tetrahydropyranoxymethyl-2, 6 - dichloropyridine. To the 
solution of 3 ,4-dihydropyran (1 mL) in Et20 (20 mL) was 
added 2 ,6-dichloro-3-hydroxymethylpyridine (1.6 g, 9 mmol) 
and a drop of concentrated HC1 with stirring. After stirring 
for 24 hours at 25°C, solid KOH (125 mg) was added and 
filtered by decantation. Evaporation in vacuo followed by the 
distillation (Kugelrohr) at 240°C (1.3 mm) gave ether 1 0 2 , as 
a colorless liquid: 2.0 g (85%); 1H NMR 1.72 [m, (CH2 )2 ,
6 H ] , 3.75 (m, C H 2 , 2 H ) , 4.67 (s, CH, 1H), 4.79 (s, CH 2  ,
2H), 7.33 (d, 5-pyH, J=8.0 Hz, 1H), 7.80 (d, 4-pyH, J=8.0 Hz, 
1H ); IR (neat) 2940, 1580, 1550, 1430, 1130 cm- 1 ;
MS m/e 261 (M+ , 1.3), 226 (28), 176 (14), 160 (100), 85 
(54.1); A n a l . Calcd for C-|-j H-| 3 C 1 2 N 0 2 ; C, 50.40;
H, 5.34; N, 5.00. Found: C, 50.18; H, 5.30; N, 5.06.
101 102
r Q r f H2°




3 - | [(Tetrahydropyran-2-yl)oxy]me thy 1 ^ 2 ,6 -diethoxy-
pyridine . A mixture of ether (2 g, 7.63 mmol) and NaOEt 
(5 equiv.), which generated from anhydrous EtOH (2.2 mL) and 
dry NaH (2.02 g), in DMF (40 mL) was heated at 90°C under 
nitrogen for 15 hrs. The mixture was evaporated in vacuo to 
dryness and dissolved in CHCI 3 . The C H C I 3  solution was 
washed with H 2 O, dried over anhydrous N a 2 SC>4 , and 
concentrated in vacuo to give a dark semisolid, which was 
chromatographed on short SiC>2 column by eluting with pet. 
ether (low boiling) and Et 2 0  (1:1). Further purification 
was done by Kugelrohr distillation at 230-240°C (0.7 mm) to 
afford the tris ether, as a colorless oil: 1.55 g (72%); 1h 
NMR S 1.36, 1.38 (2t, C H 3 CH 2 , J=7.8 Hz, 6 H), 1.75 [m,
(C H 2 ) 3 , 6 H] , 3.71 (m, C H 2 , 2H), 4.30, 4.37 (2q, C H 3 CH.2 ,
J = 7 . 8  Hz, 4 H ) , 4.55 (m, pyC H 2 , 2H), 6.24 (d, 5-pyH, J=8.4 
Hz, 1H ), 7.55 (d, 4-pyH, J=8.4 Hz, 1H ); MS m/e 281 (M+ ,
16), 180 (M - O T H P , 100), 166 (41.6), 152 (30.4), 124 (51.6),
70
CHj>THP NoH, Toluano________
H O C H 2  ( C t ^ O C ^ C H g O H
•C ^O T H P
‘0  a
102 104
19 - { [(Tetrahydropyran-2-yl)oxy]methylf- 1 7<Ofi(2,6-
pyridino)-2t;-coronand-5>. To the suspension of NaH (230 mg, 
9.6 mmol) in toluene (200 mL) was added pentaethylene glycol 
(910 mg, 3.82 mmol) slowly under nitrogen. The reaction 
mixture was stirred at 25°C for 30 minutes and then the 
tetrahydropyranylether (1 g, 3.6 mmol) in toluene (50 mL) 
was added. The mixture was heated at 80°C for 24 hrs, 
cooled, and quenched with water. The organic layer was 
separated, dried over anhydrous N a 2 SC>4 , and concentrated 
in vacuo to give a crude mixture, which was eluted on the 
Si 0 2  with CgHi 2 /EtOAc (1:4) to give desired 
macrocycle, as a viscous liquid: 315 mg (19.3%); 1H NMR 8
1.55 [m, (CH 2 ) 3  , 6 H ) ] , 3.56 ( s , € - C H 2 , 4H), 3.61 (m, 8  
- C H 2 , 4H), 3.71 (m, y - C H 2 , 4H), 3.88 (m, j0-CH2 ,
T H P - C H 2 r 4H), 4.60 (m, a - C H 2 , p y C H 2 , 6 H ) , 4.73 (m, CH,
1H ) , 6.32 (d, 5-pyH, J=8.0 Hz, 1H), 7.57 (d, 4-pyH, J=8.0 Hz, 
1H ); IR (neat) 2950, 2870, 1605, 1505, 1475, 1310, 1120, 1030 
cm- 1 ; MS m/e 427 (M+ , 3.9), 342 (M+-THP, 100), 326 
(22.9), 45 (21.7); A n a l . Calcd for C 2 iH 3 2 N 0 8 : C,
59.02; H, 7.78 ; N, 3.28. Found: C, 57.91 ; H, 7.08 ; N,
3.57.
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105 a ; R=Me 103; R=Et 106 a : R=Me
105b; R=Et 104; R = (C H 2 )2 (O C H 2- 106b; R=Et
105c; R=n-Pr C H 2 )30(CH2)2 106c; n-Pr
Attempted Hydrolysis of 10.3 and 104. Ether formation.
A solution of aqueous alcohol (50 mL, 10% H 2 0 ) , concentrated 
HC1 (1 m L ) , and 103 or 104 (250 mg) was stirred at 25°C for 
2 hours. A saturated NaHCC>3 solution was carefully added, 
H 2 0, the solution was concentrated _iii v a c u o , extracted with 
C H 2 C 1 2 , dried, and concentrated to give an oil, which was 
chromatographed (ThLC) eluting with EtOAc to afford the 
ethereal product.
105a from 104 with MeOH: 92%; 1H NMR §  3.38 (s, C H 3 0, 
3H), 3.55 ( s , £ - C H 2 , 4H), 3.60 ( m , g - C H 2 , 4H), 3.70 (m, 
7'-CH2 , 4H), 3.88 (t,jQ-CH2 , 4H), 4.38 (s, pyCH2 , 4H) ,
4.55 (m, a - C H 2 , 4H), 6.32 (d, 5-pyH, J=7.8 Hz, 1H), 7.52 (d,
4-pyH, J = 7 . 8  Hz, 1H); MS m/e 357 (M+, 28.1), 4 5 (100);
IR (neat) 2879, 1590, 1472, 1310, 1113 c m - 1; A n a l . Calcd. 
for C i 7 H 2 7 C>7 : C, 57.13; H, 7.62; N, 3.92. Found:
C, 56.72; H, 7.74; N, 3.88.
105b from 104 with EtOH: 80%; 1H NMR 8 1.23 (t, O C H 2CH3 , 
J = 6 .8 Hz, 3 H ), 3.55 (s , € -C H 2 , 4H), 3.58 (q, O C H 2CH3 ,
J = 6 .8 Hz, 2H), 3.60 ( m , 8 - C H 2 , 4H), 3.71 (m, >"-CH2 , 4H),
3.88 (t,j3-CH2 , 4H), 4.42 (s, p yCH2 , 2H), 4.56 (m, a - C H 2 ,
4 H ), 6.33 (d, 5-pyH, J=8.5 Hz, 1H), 7.55 (d, 4-pyH, J=8.5 Hz 
1H ); MS m/e 371 (M+, 28.4), 342 [M+- (C H 2CH3 ), 100];
IR (neat) 2950, 1615, 1600, 1478, 1315, 1125 cm-1; A n a l . 
Calcd. for C 1 8 H 2 9 N O 7 : C, 58.21; H, 7.87; N, 3.78.
Found: C, 57.96; H, 7.70; N, 3.82.
105c from 104 with PrOH: 80%; 1H NMR 8  1.93 (t, C H 3 ,
J = 7 .3 Hz, 3H), 1.62 (tq, CH 2 C H 2 C H 3 , 3 = 1 . 3 ,  6 . 8  Hz, 2H) ,
3.44 (t, O C H 2 CH2 , J = 6 . 8  Kz, 2H), 3.55 (s, € - C H 2 , 4H),
3.62 (m, 8 "C H 2 r 4 H ) , 3.70 (m, X - C H 2 , 4 H ) , 3.88 (t, -
C H 2 , 4 H ), 4.42 (s, p y C H 2 r 2 H ) , 4.55 ( m , a - C H 2 r  4H),
6.32 (d, 5-pyH, 3 = 7 . 8  Hz, 1H), 7.54 (d, 4-pyH, J=7.8 Hz, 1H)
MS m/e 385 (M+ , 29.4), 45 (100): IR (neat) 2910, 2860,
1605, 1585, 1470, 1310, 1110 cm- 1 ; A n a l . Calcd. for 
C 1 gH 3 1 N O 7 : C, 59.20; H, 8.04; N, 3.63. Found: C,
59.39; H, 8.06; N, 3.42.
106a from 103 with MeOH: 84%; 1H NMR 8  1.37 (t, 
20CH 2 C H 3 , J = 6 . 8  Hz, 6 H), 3.88 (s, O C H 3 , 3 H ) , 4.30, 4.37 
(2 q , O C H 2 CH3 , J = 6 . 8  Hz, 4H), 4.38 (s, C H 2 , 2 H ) , 4.38 
(s, C H 2 , 2H), 6.25 (d, 5-pyH, J=7.8 Hz, 1H), 7.50 (d,
4-pyH, 3 = 1 . 8  Hz, 1 H ) .
106b from 103 with EtOH: 94%; 1H NMR g l . 2 4  (t,
C H 2 0 C H 2 C H 3 , J = 6 . 8  Hz, 3H), 1.37, 1.38 (2t, pyOCH 2 C H 3 ,
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J = 6 .9 Hz, 6 H ), 3.55 (q, C H 2 OCH2 , J=6.9 Hz, 2H) ,
4.29, 4.34 (2q, p y O C H 2 , J = 6 . 8  Hz, 4H), 4.42, (s, C H 2 0,
2H), 6.25 (d, 5-pyH, J=7.8 Hz, 1 H ) , 7.53 (d, 4-pyH, J=7.8 Hz, 
1H ) ; MS m/e 225 (M+ , 49), 180 (M+-OEt, 10 0 ).
106c from 103 with PrOH: 98%; 1H NMR 8  0.93 (t, p r C H 3 , 
J = 6 .9 Hz, 3H), 1.36, 1.37 (2t, O C H 2 C H 3 , J=6.9 Hz, 6 H),
1.63 (tq, OC H 2 CH2 , 2H), 3.44 [t, O C H 2 (Et), J=6.9 Hz,
2H] , 4.29, 4.37 (2q, O C H 2 CH3 , J=6.9 Hz, 4H), 4.41 (s, 
py C H 2 , 2H), 6.24 (d, 5-pyH, J=7.8 Hz, 1H), 7.53 (d, 4-pyH,
J = 7 . 8  Hz, 1H ); MS m/e 239 (M+ , 15), 180 (M+-OPr, 100).
Hydrolysis of 103 and 104. Preparation of alcohol 1Q5d 
and 1 0 6 d . A solution of ether 103 or 104 (150 mg) in 75% 
aqueous THF (20 mL) and concentrated HCl (1 mL) was refluxed 
for 2 hours. The solution was cooled, neutralized with a 
saturated N a H C 0 3 solution, and concentrated in vacuo to 
give a residue, which was extracted with C H 2 C12 . The 
organic extract was washed with H 2 0, dried with anhydrous 
MgS 0 4  and evaporated to give a crude oil, which was
105d _10£; R= (CH2 ) 2 (O C H 2- 106d 
CH2 )30 ( C H 2 )2 
103: R=Et
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chromatographed (T h L C ) eluting five times with C 6 H-|2 /EtOAc 
(1:4) to afford the desired alcohol.
1 9-Hydroxymethyl - 17<0fi ( 2 ,6-pyrid i n o ) - 2c;-coronand-7 >
105 d ; 60 mg (50%); 1H NMR § 2.00 (sf -OH, 1H), 3.47 (m, € - C H 2 
4 H ), 3.56 (m, S " C H 2 , 4H), 3.71 (m, y - C H 2 , 4H), 3.89 (m,
/3-CH2 , 4 H ) , 4.56 (s, p y C H 2 , 2H), 4.58 ( m , a - C H 2 , 4H),
6.32 (d, 5-pyH, J=7.8 Hz, 1H), 7.47 (d, 4-pyH, J=7.8 Hz, 1H); 
IR (neat) 3430, 2870, 1603, 1590, 1473cm“ 1; MS m/e 343 
(M+ , 29), 166 (100).
2 ,6-Diethoxy-3-hydroxymethylpyridine (106d): 61%; 
mp 44-46 °C; 1H NMR £  1.38 (t, 2CH3 , J=6.9 Hz, 6H),
2.75 (s, OH, 1H ), 4.29 (q, O C H 2 , J=6.9 Hz, 2 H ) , 4.39 (q,
O C H 2 , J = 6 .9 Hz, 2H), 4.54 (s, pyC H 2 , J=7.8 Hz, 1H);
MS m/e 197 (M+, 65), 140 (100) .
Preparation of Active Manganese D i o x i d e .69 
Solution of M n C l2*4H20 (44 g) in water (500 mL) at 70°C 
was added to KMn 0 4  (32g) in water at 6 0 °C. Chlorine was 
evolved! The resulting suspension was stirred for 2 hr and 
kept 12 hrs at 25°C. After filtration, the filter cake was 
washed with water (800 mL) until the filtrate was neutral and 
free of chlorine. Finally the solid was dried at 120-130°C in 
the oven for 18 hr to give MnC>2 : 43.9 g.
Preparation of C r O y 2 P y r i d i n e .70 Solid Cr03 
(80g, 800 mmol) was added to pyridine (250 mL) in ligroin 
(high boiling, 200 m L ) . The orange precipitate was washed
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with petroleum ether (4X, 200 mL) and collected on Buchner
funnel and dried in vacuo to give the oxidant: 177.2 g (93%).
0
2,6-Dichloropyridine-3-carboxaldehyde. Method A .
A mixture of alcohol 101 (1.12 g, 6.3 mmol) in AcOH (4 mL) 
and A C 2 O (13.2 mL) in DMSO (20 mL) was stirred at 25°C 
under nitrogen for two days. The solution was poured into a 
cold solution of N a 2 CC>3 (20 g) in H 2 O (200 mL) , and 
extracted with C H C I 3 . The combined organic extract was 
washed with H 2 0, dried, and concentrated in vacuo to give 
an oil, which chromatographed on a silica gel column eluting 
with CgHi 2 /EtOAc (2:1) to give aldehyde 1 0 7 : 700 mg 
(6 6 %); mp 74-74.5°C; 1H NMR § 7 . 4 0  (d, 4-pyH, J=8.0 Hz,
1H ) , 8.15 (d, 5-pyH, J = 8 .0 Hz, 1H), 10.36 (s, CHO, 1H); IR 
(K B r ) 1685 (C=0) c m " 1 ; MS m/e 176 (M+ , 80.8), 175
(65.4), 174 ( 100) , 148 (M+-CO, 23.6); A n a l . Calcd. for 
C 6 H 3 C I 2 NO: 40.94; H, 1.72; N, 7.96. Found: C, 40.82;
H, 1 .64; N, 7.85.
Method B . To alcohol 101 (1.12 g, 6  mmol) in C H 2 C I 2  
(150 m L ) , was added Cr 0 3 *2 Py (8 . 6  g, 36 mmol) and 
stirring was continued for 10 hr. The reaction mixture was 
filtered through Celite and evaporated Jji v a c u o , to give a 
crude product which was chromatographed on short SiC>2  
column by eluting with EtOAc to yield aldehyde 107
101 107
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(1.12g). Further purification was done by sublimation under 
reduced pressure to give the pure aldehyde: 970 mg (92%).
Method C . Alcohol 101 (1 O g , 56.2 mmol) and active MnC>2 
(33.3 g) in CgHg (200 mL) were refluxed for 2hr. After a 
hot filtration, evaporation in vacuo gave the desired 
aldehyde: 5 g (51%). q
2 ,6 -Dichloro-3 - (diethoxymethy1)pyridine. A solution of 
aldehyde 107 (2.18 g, 12.4 mmol), ethyl orthoformate ( 8  mL,
5 mmol), N H 4 N O 3  (80 mg) in absolute EtOH (20 mL) was 
refluxed for 6  hr. After evaporation, the CH 2 C I 2  extract 
was washed with H 2 O, dried over anhydrous N a 2 S0 4 , and 
concentrated in v a c u o . The resultant liquid was distilled in 
Kugelrohr apparatus to give acetal 1 0 8 : 2.50 g (81%);
NMR § 1.24 (t, O C H 2 C H 3 , J = 6 . 8  Hz, 6 H), 4.63, 4.74 (2q, 
OC H 2 C H 3 , J = 6 . 8  Hz, 4H), 5.64 (s, pyCH, 1H), 7.20 (d,
5-pyH, J = 7 . 8  Hz, 1H), 7.96 (d, 4-pyH, J=7.8 Hz, 1H); MS m/e 
250 (M+, 0.3), 206 (53.4), 204 ( 10 0 ) , 178 (35.7), 176 
(69.9); IR 2992, 1572, 1548, 1426, 1325, 1055 cm- 1 ; A n a l . 
Calcd. for CioH 13 O 2 N C I 2 : C, 48.02; H, 5.23: N,







19-Formyl-17<Ofi(2 f6 -pyridino)-2 c ;•0?-coronand-7> (1 0 9 )
To a stirred slurry of dry NaH (120 mg, 5 mmol) in anhydrous 
toluene (100 m L ) , was added dropwise pentaethylene glycol 
(476 mg, 2 mmol) in toluene (100 mL) under N 2  atomosphere. 
After stirring for 1 hr acetal 108 (500 mg, 2 mmol) in 
toluene (20 mL) was added dropwise. Then the mixture was 
refluxed for 24 hrs and after cooling, quenched with H 2 O.
The organic layer was separated, evaporated in vacuo and 
dissolved in C H 2 C I 2 , washed with H 2 O, dried over 
anhydrous N a 2 SC>4 , and concentrated in vacuo to yield 
crude mixture, which was chromatographed (T h L C ) on silica gel 
eluting with C g H ^ / E t O A c  (1:4). Most of fractions were 
found to be open-chain compounds. Macrocyclic aldehyde 109 
was obtained as a trace component: 20 mg (2.9%); 1H NMR 8  
3.54 (s, € - C H 2 / 4H), 3.60 (m, 8 -C H 2 , 4 H ) , 3.72 (m, y  
- C H 2 , 4H), 3.92 (m,/3-CH2 , 4H) , 4.68 ( m , a - C H 2 , 4H) ,
6.41 (d, 5-pyH, J = 8 . 8  Hz, 1H), 8.05 (d, 4-pyH, J = 8 . 8  Hz, 1H), 
10.2 (s, p y C H O , 1H ); MS m/e 341 (M+, 8.2), 312 (M+-CHO,
2.6), 166 (55.7), 137 (64.9), 45 (1 0 0 ); IR (K B r ) 1687(CO), 
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2 - [2-(6-Methylpyridyl)]-1, 3-dithiane. A solution of
£-toluenesulfonic acid (4 g) , 6-methyl-2-pyridinecarbox- 
aldehyde (20.12 g, 166 mmol), and 1 f3-propanedithiol (18 g, 
166 mmol) in toluene (350 mL) was refluxed under nitrogen for 
12 hrs. The H 2 O (3 mL) was removed by aid of a Dean-Stark 
trap. The mixture was washed with aqueous NaHCC^, then 
saturated NaCl, dried over anhydrous N a 2 SC>4 , and 
concentrated JLn vacuo to give the dithiane 1 1 0 , as pale 
yellow crystals: 34.6 g (96%); mp 68-70°C; 1h NMR § 2 . 1 6  (m,
5 - C H 2 , 2H), 2.56 (s, Me, 3H), 3.02 (m, 4,6-CH2 , 4 H ) , 7.06 
(d, 5-pyH, J = 7 .3 Hz, 1 H ) , 7.29 (d, 3-pyH, J=8.5 Hz, 1H), 7.57 
(dd, 4-pyH, J = 8 .5, 7.3 Hz, 1H); MS m/e 211 (M+, 2.1), 178 
(M+-SH, 100), 138 (64), 93 (42); IR (K B r ) 1593, 1578, 1455, 
1423, 754 c m " 1 ; A n a l . Calcd. for C 1 0 H 1 3 N S 2 : c, 56.83;
H, 6.20; N, 6.63. Found C, 56.44; H, 6.32; N, 6.52.
Bis - d i t h i a n e . To a 4-necked 1L flask equipped with a 
mechanical stirred and thermometer, dithiane 110 (24 g,
114 mmol) in THF (330 mL) was added under nitrogen. After
CH 2.Br(CH2>3 Br, *  ^
I. B uU , THF
45 C, 24hr
111 1 1 2
cooling to - 4 5 ° C f n-buLi (48 mL, hexane) was added over 
20 min., the solution turned blood red. After 30 min.,
1,3-dibromopropane (11.48 g, 5 7  mmol) in THF (20 mL) was 
added dropwise. The temperature was allowed to increase to 
-30°C and maintained for 12 hrs, then to -15°C slowly. The 
reaction was quenched with H 2 O (10 mL) and concentrated 
in vacuo to give a residue, which was dissolved in C H C I 3 , 
washed with H 2 0 , then a saturated NaCl solution.
Evaporation in vacuo gave a crude solid, which was 
triturated with Et 2 0 . The product was chromatographed 
(column, SiC>2 ) by eluting with C g H ^ / E t O A c  (1:4) to 
afford the bis-dithiane 112, as a white solid: 25.8 g (98%) 
mp 151-152°C; 1H NMR 8  1.27 (m, CH 2 C H 2 C H 2 , 2H), 1.95
(m, 5-CH2 f 4 H ) , 2.26 (t, C H 2 C H 2 C H 2 , J=7.4 Hz, 4 H ) , 2.52
Hz, 2H), 7.50 (d, 3 , 5-pyH, 4H); MS m/e 462 (M+, 2.1), 252 
( 100) , 210 (95), 178 (93), 176 (85), 136 (55), 92 (C6 H 6 N, 
52); IR (Csl) 2950, 2910, 1588, 1450 cm- 1 ; A n a l . Calcd. 
for C 2 3 H 3 0 N 2 S 4 : C, 59.69; H, 6.53; N, 6.06.
Found: C, 60.00; H, 6.76; N, 6.10.
1 ,5-Bis fdimethoxy-2-(6-pyridyl)Ipentane. A mixture of 
bis-dithiane 112 (1g, 2.2 mmol), H g C l 2  (1.18 g), and HgO




(940 mg) in MeOH (90%; 100 mL) was refluxed for 24 hrs under 
nitrogen. After filtration through Celite, the solution was 
concentrated in v a c u o , extracted with CHC I 3 , washed with 
NaHCC>3 , H 2 O, and dried over anhydrous N a 2 S0 4 . After 
evaporation to the dryness, the mixture was chromatographed 
(ThLC) on silica gel by eluting with C g H i 2/EtOAc (1:1)*
The diketal was isolated: 330 mg (41%); mp 142-144°C;
1H NMR S 0.61 (m, C H 2 C H 2 CH2 , 2H), 1.96 (t, CH 2 C H 2 C H 2 ,
J = 7 .3 Hz, 4H), 2.53 (s, pyC H 3 , 6 H), 3.04 (s, O C H 3 , 12H),
6.98 (d, 5-pyH, J = 7 .3 Hz, 2H), 7.28 (d, 3-pyH, J = 8 . 6  Hz, 2H), 
7.46 (t, 4-pyH, J = 7 .3 Hz, 2H); MS m/e 359 (M+-CH 3 , 2.2),
166 ( 10 0 ) , 162 (32.4), 101 (28.8), 92 (20.6); IR (K B r ) 2940, 
1590, 1457, 1132 cm
CH
112 1 14
Diketone 1 1 4 . Hydrolysis of the Bis-dithiane (112).
A stirred suspension of the bis-dithiane 112 (3 g, 6.48 mmol), 
HgO (2.82 g, 12.96 mmol), and H gCl 2  (3.54, 12.96 mmol) in 
MeOH (220 mL, 90%) and THF (80 mL) was refluxed for 24 hrs 
under nitrogen. After filtration through Celite, the solution 
was concentrated in v a c u o , then redissolved in THF (100 mL, 
80%) and HC1 (2 m L ) , and refluxed for 2 hrs. The solution was 
cooled, neutralized with 10% NaHC 0 3  (20 m L ) , and extracted
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with either CHC I 3 or C H 2 C l 2 » dried over anhydrous MgSC>4 , 
and evaporated in vacuo to give the crude diketone 1 1 4 , which 
was chromatographed (column, SiC>2 ) by eluting with pet. 
ether/Et 2 0  ( 1 :1 ) to afford 114, as white needles: 1 . 2 2  g 
(67%); mp 85-86°C; 1H NMR 8  2.17 (quin, C H 2 , J=7.3 Hz,
2H), 2.58 (s, Me, 6 H), 3.36 (t, C O C H 2 , J=7.3 Hz, 4 H ) , 7.29 
(d, 5-pyH, J = 8 . 6  Hz, 2H), 7.69 (dd, 4-pyH, J=7.3, 8 . 6  Hz,
1H ), 7.83 (d, 3-pyH, J=7.3 Hz, 2H); MS m/e 282 (M+ , 21),
148 (64), 147 (83), 93 (C6 H 7 N, 50), 92 (CfiHfiN, 10 0 );
IR (C s l ) 1780, 1590, 1458, 1387, 1367 c m " 1; A n a l . Calcd. 
for C 2 1 H 2 6 N 2 O 4 : C, 68.08; H, 7.08; N, 7.56.
Found: C, 68.05; H, 7.25; N, 7.40.
114 115
6 ,6"-Dimethyl-2,2 1 :6 ',2"-tripyridine. A solution of 
diketone 114 (500 mg, 1.77 mmol) and N H 2 0 H*HC 1  (123 mg,
1.77 mmol) in AcOH (50 mL) was refluxed for 24 hrs under 
nitrogen. After cooling, the mixture was concentrated in 
vacuo and dissolved in C H 2 CI 2 . The C H 2 C I 2  extract was 
washed with H 2 O, dried over anhydrous MgSC>4 , and 
evaporated in vacuo to give a solid, which was 
chromatographed on a short silica gel column by eluting with 
C H C I 3  to give tripyridine, as solid: 258 mg (56%); mp
158-160°C (lit.71 m p  164-164°C); 1h NMR 8  2.64 (s, 
p y C H 3 , 6 H), 7.16 (d, 5,5"-pyH, J=7.3 Hz,2H), 7.71 (dd,
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4,4"-pyH, J=7.9, 7.3 Hz, 2H), 7.91 (dd, 4'-pyH, J=7.9 Hz,
1H ), 8.40 (d, 3,3"-pyH, J=7.9 Hz, 2 H ) , 8.46 (d, 3',5'-pyH,
p - t«o h ,
toluene
114 116
Ketalization of diketone (114). - A toluene (250 mL)
solution of 114 (2.0 g, 7 mmol), ethylene glycol (10 mL), and 
£-tosH (1 g) was refluxed for 24 hrs, using a Dean-Stark 
water separator. The solution was cooled, washed with 10% 
NaHCC >3 solution, then saturated NaCl, dried over anhydrous 
N a 2 SC>4 , decolorized with charcoal, and concentrated in 
vacuo to give a slightly brown solid, which was triturated 
with Et 2 0  to afford the bis-ketal 1 1 6 , as fluffy white 
crystals: 2.06 g (89%); mp 173-174°C; 1H NMR S 1*42 (m, C H 2 ,
A
2 H ) , 2.03 (t, ° X T - C H 2 , J=5.8 Hz, 4H), 2.55 (s, Me, 6 R),
3.81, 4.01 (m, k e t al-CH2 , 8 H ) , 7.02 (d, 5-pyH, J = 6 . 8  Hz,
2H), 7.28 (d, 4-pyH, J=7.8 Hz, 2H), 7.51 (dd, 3-pyH, J = 6 .8 , 
7.8 Hz, 2 H ): MS m/e 327 (M+-43, 3), 164 ( 100), 99 (58), 92 
(45); IR (Csl) 1594, 1577, 1465, 1320, 1180, 1165 cm"1;
A n a l . C a l c d . for C 2 1 H 2 6 N O 4 : C, 68.08; H, 7.08; N, 7.56.




Bis-ketal di ^3-Oxide (11 7 ). - A CH 2 C I 2  solution (60 mL)
of bis-ketal 116 (2 g , 5.4 mmol) and m-ClCgi^CC^H (2.73 g, 
13.53 mmol) was stirred at 25°C for 24 hrs. The solution was 
washed with 10% NaHCC>3 (70 mL) , then a saturated NaCl 
solution (50 mL), dried over anhydrous N a 2 S 0 4 , and 
evaporated in vacuo to give (100%) the bis-N-oxide 117;
2.17 g; mp 197-198°C; Th  NMR & 1.35 (m, C H 2 , 2H), 2.43/“ S.
- C H 2 , 4 H ), 2.51 (s, Me, 6 H ) , 3.82, 4.02 (m, ketal-CH2 , 
8 H), 7.16 (t, 4-pyH, J=7.8 Hz, 2H), 7.25 (d, 5-pyH, J=7.8 Hz, 
2 H ) , 7.45 (d, 3-pyH, J=7.8 Hz, 2H); MS m/e 402 (M+ , 2),
164 ( 1 0 0 ) ,99 ( 18), 92 (51 ); IR (K B r ) 3080, 2935, 1890, 1492, 
1450, 1388, 1375, 1302, 1280 cm- 1 ; A n a l . Calcd. for 
^ 2 1 ^ 2 6 ^ 2 ^ 6 : C • 62.67; H, 6.51; N, 6.96; Pound:
C, 62.56; H, 6.84; N, 6.78.
AcOCHCH
117
Bis-ketal dimethanol (11 9 ). Thermal rearrangement of 
the di-N-oxide 117 in acetic anhydride. - A solution of 
the bis-ketal di-N-oxide 116 (2 g, 5 mmol) in purified A C 2 O 
(80 mL) was refluxed for 20 min. After the in vacuo removal
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of excess A C 2 O, the residue was dissolved in CH C 1 3 ,
extracted with aqueous 10% NaHC 0 3  (20 mL) , then H 2 O. The
solution was dried over anhydrous N a 2 SC>4 and concentrated
in vacuo to give the crude bis-diacetoxy intermediate 1 1 8 ,
which was not purified further: NMR 8  1.43 (m, C H 2 »
r~\
2 H ) , 2.04 (in, ? c £ c H 2 , 4 H )f 2.16 ( s r MeCO, 6 H) , 3.82, 4.03 
(m, ketal-CH2» 8 H), 5.25 (s, pyCH^O, 4 H ) , 7.25 (d, 5-pyH,
J = 7 . 8  Hz, 2H), 7.43 (d, 3-pyH, J=7.8 Hz, 2H), 7.68 (t, 4-pyH,




The crude bis-acetate 118 was dissolved in 95% EtOH
(100 mL), anhydrous K 2 CO 3  (2.4 g) was added, and the
suspension was refluxed for 2 hrs. After filtration and 
concentration _in v a c u o , the residue was dissolved in 
C H 2 C l 2 » washed with H 2 O, dried over anhydrous MgS 0 4 , 
and concentrated in vacuo to give the crude diol, which was 
chromatographed (column, Si 0 2 > by eluting with C H 2 Cl 2 ~MeOH 
(20:1) to give the pure diol 11 9 , as microcrystals: 1.26 g
(63%^; m p  141-143°C; 1h NMR 3  1.38 (m, C H 2 , 2 H ) , 2.02
(t, 5 c£cH 2 , 4 H ) , 3.79, 4.00 (m, ketal-CH 2 » 8 H) , 4.47 (s,
H O C H 2 , 2 H ), 4.74 (s, H O C H 2 , 4H), 7.20 (d, 5-pyH, J=7.8
Hz, 2H), 7.37 (d, 3-pyH, J=7.8 Hz, 2 H ) , 7.64 (t, 4-pyH, J=7.8
Hz, 2H); MS m/e 402 (M+ , 0.1), 294 (29), 181 (25), 180 (100),
85
99 (40); IR (K B r ) 3390 (OH), 1593, 1578, 1450, 1190 
1045 c m - 1 ; A n a l . Calcd. for Ci3H-|8N 2 ° 2 : c * 62.68;
H, 6.47; N, 6.96. Found: C, 62.58; H, 6.55; N, 6.80
Preparation of 2 ,6 - B i s (chloromethyl)pyridine.
MeOH
HO OH CHgcJ (Jch,
120 121
A. Dimethyl 2 ,6 -Pyridinecarboxylate. - A solution of
2 ,6 -pyridinedicarboxylic acid (55.7 g, 330 mmol) in anhydrous 
MeOH (500 mL) was saturated with anhydrous HC1 gas and 
refluxed for 48 hrs. The mixture was evaporated in v a c u o , 
dissolved in C H C I 3  (250 m L ) , washed with saturated aqueous
N a 2 C 0 3 , dried over anhydrous N a 2 S0 4 , and concentrated 
in vacuo to afford methyl 2 ,6 -pyridinedicarboxylic acid: 53.4 
(82%); mp 119-124°C (lit.72 mp 124-125°C); Th NMR 8 4 . 0 0  
(s, C H 3 , 6 H ), 7.85-8.45 (m, pyH, 3 H ) .
B. 2 ,6 -Bis(hydroxymethy1)p y r i d i n e . - A mixture of
diester 121 (18.5 g, 94.8 mmol) in anhydrous MeOH (250 mL), 
was added N aBH 4  (18.9 g, 500 mmol) by a solid addition 
funnel in small portions. The temperature was maintained at 





The reaction was quenched with acetone (40 mL) and the 
mixture was evaporated in v a c u o , then H 2 O was added to the 
residue, the diol was extracted with CHCI 3  for 2 days via 
a continuous liquid-liquid extractor: the diol was obtained:
11.18 g (92%); mp 111.5-112.5°C; (lit.73 mp 111-112°C).
C. 2. 6 - B i s (c h l o r o m e t h y l )p y r i d i n e . - Diol 122 (24 g,
178 mmol) was slowly added to SOCI 2  (100 mL) at 0°C, then 
the mixture was refluxed for 2 hrs. The excess SOCI 2  was 
removed in vacuo to give a residue, which was dissolved in 
C H C I 3 , washed with saturated aqueous N a 2 C 0 3 , dried over 
anhydrous N a 2 S0 4 , and concentrated in vacuo to give a 
solid, which was chromatographed on short silica gel column 
by eluting with C H C I 3 . For the further purification the 
solid was dissolved in pet. ether, filtered, and concentrated 
to give the dihalide 1 2 3 , as colorless needles: 23.1 g
(72%); mp 74-75°C (lit.74 mp 7 4 . 5 - 7 5 .5°C); 1H NMR £
4.88 (s, CH2 # 4 H ), 7.25-7.95 (m, pyH, 3H).
122 123
T6(l _ A J >Ts
124 125
Diethylene Glycol Ditosylate (1 2 5 ). - A solution of
toluenesulfonyl chloride (80 g, 420 mmol) in dioxane (100 mL)
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was added in small portions to a stirred solution of 
redistilled diethylene glycol (188 mmol) and NaOH (20 g) in 
water (100 m L ) . The mixture was stirred for 2 hr and left 
overnight. The product was extracted with CsHg. The 
extract was washed with H 2 O, 10% aqueous NaHCC>3 , H 2 O, 
dried over anhydrous N a 2 SC>4 , and evaporated in vacuo to 
give a residue, which was crystallized from C 5 H 6 -H 2 O to 
give the bis-e s t e r ; 38.2 g (49%); mp 86-87°C (lit . 7 5  mp 
8 8 - 8 9 ° C ) ; 1H NMR £ 2.47 (s, C H 3 C 6 H 4 S 0 3 , 6 H), 3.63 (m, 
T s O C H 2 C H 2 0, 4H), 4.12 (m, TsOCH 2 CH 2 0, 4H), 7.37 (d,
3 - A r H , J = 8 .0 Hz, 4H), 7.82 (d, 4-ArH, J=8.0 Hz, 4H).
126
:HoOH reflux
2 0 < 0 ? ( 2 ,6 - p y r i d i n o ) 3 - 1 3 .5.1.c oronand-5>14,1 8 -dione 
bis-ethylene glycol ketal (126). A slurry of diol 119 (402 
mg, 1 mmol) in dry THF (50 mL) was added to a suspension of 
NaH (60 mg) in THF (200 m L ) . The mixture was stirred at 25°C 
for 30 min., then refluxed for 30 min., followed by cooling 
and the dropwise addition of 2 ,6 - b i s (chloromethyl)pyridine 
(176 mg, 1 mmol) in THF (100 m L ) . The mixture was refluxed 
for 24 hrs.. After cooling, H 2 O (10 mL) was added to
quench the reaction. The solvents were removed in vacuo to 
give a quasi-solid, which was dissolved in C H 2 C I 2  (200 m L ) , 
washed with a saturated NaCl solution, dried over N a 2 SC>4 , 
and concentrated _in v a c u o . The residue was chromatographed 
(column, A I 2 O 3 ) eluting with EtOAc to give the desired 
macrocycle 126: 358 mg (77.6%); mp 126-127°C; 1H NMR § 1.18
1 /“V
(m, C H 2 r 2 H ) , 1.98 (m, - ^ C H 2 f J=8.0 Hz, 4H), 3.85, 4.02 
(m, ketal-CH 2 , 8 H) , 4.63, 4.65 (2s, pyCH _2 * 8 H), 7.31 (d, 
5,5'-pyH, J = 7 . 8  Hz, 4 H ) , 7.33 (d, 3,3'-pyH, J=7.8 Hz, 4H), 
7.59 (t, 4-pyH, J = 7 .5 Hz, 2H), 7.68 (t, 4-pyH, J=7.8 Hz, 2H) 
MS m/e 462 (M+-43, 10), 108 (40), 107 (37), 106 (52), 99 
(10 0 ); IR (K B r ) 1591, 1575, 1453, 1365, 1155, 1040 c m ~ 1 ;
A n a l . Calcd. for C2 8 H 31N 3 0 6 : 66.59; H, 6.19;
N, 8.32. Found. C, 65.97; H, 6.15; N, 8.03.
20< 0 2 (2,6 -pyr i d i n o ) 3 - 1 v  5 * 1-coronand-5>14,18-dione 
(1 2 7 ). A mixture of bis-ketal 126 (732 mg, 1.45 mmol) in 
aqueous THF (50%, 60 mL) with conc. HC1 (2 mL) was refluxed 
for 6  hrs. After neutralization with 10% aqueous NaHCC>3 , 
the solution was extracted with C H 2 Cl 2 r dried over 
anhydrous N a 2 S 0 4 , concentrated in vacuo to give a crude
126 127
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product, which was chromatographed (column, A I 2 O 3 ) 
eluting with EtOAc to afford 12 7 , as white crystals: 417 mg 
(83%); mp 126-128°C; 1H NMR 8  2.08 (quin, CH 2 CH 2 C H 2 ,
J = 7 . 8  Hz, 4 H ), 4.76, 4.90 (s, p y C H 2  , 8 H ) , 7.40 (d,
3 " , 5 " - p y H , J = 7 . 8  Hz, 2H), 7.56 (d, 5-pyH, J=7.8 Hz, 2H), 7.73 
(t, 4"- p y H , J = 7 . 8  Hz, 1H ), 7.77 (d, 3-pyH, J=7.8 Hz, 2H),
7.87 (t, 4-pyH, J=7.8 Hz, 2H), MS m/e 416 (M+-1, 3.6), 162
(88.5), 107 (81 ), 106 ( 100) , 92 (76); IR (K B r ) 1689, 1587 
cm- 1 ; A n a l . Calcd. for C 2 4 H 2 3 N 3 <D4 ; C, 69.06;
H, 5.51; N, 10.07. Found: C, 68.02; H, 5.,50; N, 9.45.
1 8 <0 ? (2 ,6 - p yridino) 4 - 1 3 -0 ? »1 - cor o n a n d - 6 > (1 2 8 ).
A solution of dione (172 mg, 0.412 mmol), N H 2 0H*HC1 (28,6 
mg) and AcOH (50 mL) was refluxed (110°C) for 20 hrs. After 
cooling, the AcOH was removed in vacuo to give a white solid, 
which was neutralized with aqueous NaH C 0 3  (10 m L ) , 
extracted with C H C I 3  (100 m L ) , dried over N a 2 S 0 4 , 
concentrated _in vacuo to give the crude 12 8 . This solid was 
chromatographed (column, A 1 2 S 0 3 ), eluting with C H C I 3 to 
give 12 8 , as pale yellow crystals; subsequent 






60 mg (32%); mp 234-235°C; !h NMR § 2 . 8 2  (s, 3H 2 0, 6 H),
4.79, 4.80 (2s, p y C H 2 , 8H),7.49 (d, 3 ' , 5 1-pyH J = 7 . 8  Hz,
2H), 7.58 (d, 5-pyH, J=7.8 Hz, 2 H ) , 7.73-7.92 (m,
3,4,4',5-pyH, 8 H); MS m/e 368 (25.5), 262 (31), 262 (31), 261 
( 1 0 0 ) , 247 (34), 246 (38); IR (K B r ) 1578, 1456, 1 1 18 cm- 1 ; 
A n a l . Calcd. for C 2 g H 2 5 N 4 0 5 : C, 64.00 ; H, 5.10; N, 12.4.
2 0 < O g (2 ,6 - p y r i d i n o )?- 2 ? • 1 •5• 1 -coronand- 
5 > 14,18-dione ethylene glycol bis-ketal (129). A 
suspension of diol 119 (1g, 2.5 mmol) in anhydrous THF (50 
mL), NaH (300 mg) in THF (200 mL) was added under nitrogen. 
After 30 min. at 25°C and subsequent reflux for 30 min., 
ethylene glycol ditosylate (1.03 g, 2.5 mmol) in THF (100 mL) 
was added dropwise over 2 hrs. The mixture was refluxed for 
40 hrs, cooled, and quenched with H 20 (10 m L ) .
Concentration in vacuo gave a semi-solid which was dissolved 
in C H 2 C 1 2  (200 m L ) , washed with a saturated NaCl solution 
(50 m L ) , dried over anhydrous N a 2 S 0 4 , concentrated 
in v a c u o , and chromatographed (column, A l 2 0 3 ) eluting 
with EtOAc to give b i s -ketal 12 9 , as microcrystalline solid: 




2H), 1.98 (mr — C -CH 2  , 4H), 3.73 [s, 0 ( C H 2 CH 2 0)2 , 8 H] , 3.79 
4.01 (m, ketal-Cj12 , 8 H ) f 4.59 (s, p y C H 2 , 4H), 7.30 (d, 5 - p y H , 
J=7.8 Hz, 2H), 7.32 (d, 3-pyH, J=7.8 Hz, 2 H ) , 7.57 (t, 4-pyH, 
J = 7 . 8  Hz, 2H); MS m/e 472 (M+, 9.5), 99 (100), 92 (51), 91 
(78), 55 (72); IR (K B r ) 1589, 1456, 1101, 1054 cm- 1 ; A n a l . 
Calcd. for C 2 5 H 3 2 N 2 0 7 : C, 63.35; H, 6.78; N, 5.93.
Found: C, 62.83; H, 6.83; N, 5.43.
129 130
20< 0 - 3 (2 ,6 -pyridino) ? - 2 ? . 1 .5.1 coronand-5>14 ,1 8 -dione
(130). A solution of bis-ketal (1 2 9 ) (700 mg, 1.48 mmol) in 
aqueous THF (50%, 60 mL) with conc. HC1 (2 mL) was refluxed 
for 6  hrs. After neutralization with 10% aqueous NaHCC>3 , 
the dione was extracted with C H C I 3 , dried over anhydrous 
N a 2 S 0 4 , concentrated in vacuo to give 1 3 0 , as white 
fluffy crystals; 540 mg (95%); mp 122-123°C; 1H N M R 8  2.17 
(quint, C H 2 CH 2 CH 2 , J=7.3 Hz , 2H), 3.28 (t, COCH2 , J=
7.3 Hz, 4H), 3.76, 3.81 (m, 0 (CH 2 C H 2 0 ) 2 , 8 H ] , 4.74 (s, 
p y C H 2 , 4 H ), 7.57 (d, 5-pyH, J=7.9 Hz, 2H), 7.79 (t, 4-pyH,
J = 7 . 8  Hz, 2H), 7.89 (d, 3-pyH, J=7.9 Hz, 2H); MS m/e 384 
(M+, 27), 162 (53), 148 (52), 92 (65), 91 (100); IR (KBr) 
1689, 1588 cm- 1 ; A n a l . Calcd. for C 2 -|H2 4 N 2 0 5 ;
C, 65.63; H, 6.25; N, 7.29. Found:
92
C, 65.07; H, 6.18; N, 7.18.
) P
NH2OHHCI,
AcOH, 2 4 h r  
r»flux
130 131
1 8  <0 - 3 ( 2  , 6 -pyridino )3 - 2 ? ‘ 1 *0 ? « 1  -coronand- 6 >
(1 3 1 ). A solution of dione 130 (384 mg, 1 mmol) and 
N H 2 O H •HC1 (70 mg) in glacial AcOH (60 mL) was refluxed 
for 24 hrs. After cooling, the solvent was removed in vacuo 
and the residue neutralized with aqueous NaHC 0 3  ( 1 0 %, 2 0  
m L ) , and extracted with CHCI 3 . The organic extract was dried 
over anhydrous N a 2 S 0 4 , concentrated in v a c u o , and 
chromatographed (column, A I 2 O 3 ) by eluting with EtOAc-MeOH 
(10:1) to give 1 3 1 , as nearly white crystals: 91 mg (22%); mp 
104-107°C, 1H NMR S 2 . 9 7  (s, 3H 2 0, 6 H) , 3.86 [m,
0 ( C H 2 CH 2 0 ) 2 1 8 H] , 4.81 (s, pyC H 2 , 4H), 7.37 (dd, 5-pyH,
J = 7 .3, 1.9 Hz, 2H), 7.71-7.97 (m, pyH, 7 H ) ; MS m/e 363 (M+ , 
.2.7), 277 (31 ), 276 ( 100) , 275 (50), 247 (43); IR (KBr) 1573, 
1447, 1 109, 1085 c m " 1 .
H0CH2
119
I. NoH, TH F
132
93
23<0?(2 y6-pyridino) 4 ~ 1 .0.12.5.1-coronand-6>17,1 8 -dione 
ethylene glycol bis-ketal (1 32). To NaH (52.8 mg) in THF 
(100 mL), was added diol 119 (402 mg, 1mmol) in THF (50 mL) 
and stirred for 30 min and heated to 50°C for 1 hr.
6 ,6 '- B i s (chloromethyl)-2,21-dipyridine (253 mg, Immol) in THF 
(100 mL) was added dropwise with reflux for 2 hr. After that 
the mixture was refluxed for 24 hr, the solution was quenched 
with H 2 O and evaporated in vacuo to dryness. The solid was 
partitioned between H 2 O and CH 2 C I 2  (150 mL). The 
organic layer was separated and aqueous layer was extracted 
with additional C H 2 C I 2  (150 m L ) . The organic layer was 
combined, dried over anhydrous N a 2 SC>4 , and evaporated in 
vacuo to afford a crude solid (588 mg), which was 
chromatographed on an A I 2 O 3  column by eluting with EtOAc 
to give the 1:1- m a c r o c y c l e , as a white crystals: 244 mg (42%); 
mp 172-173°C; 1H NMR £ 1 * 3 4  (m , C H 2 C H 2 C H 2 , 2H), 1.65 
( m , $ £ CH 2 , 4H), 3.77, 3.98 (m, ketal-CH2 , 8 H ) , 4.77 (s,
PyCH.2, 4 H ) ' 4 * 8 6  ( s ' dipycH 2 ' 4H) , 7.19 (d, 5-pyH, J=8.0 
Hz, 2H), 7.33 (d, 5 ’-dipyH, J=7.3 Hz, 2H), 7.39 (d, 3-pyH,
J = 8 .0 Hz, 2H), 7.57 (d, 4 ’-dipyH, J=7.3 Hz, 2 H ) , 7.63 (d,
4-pyH, J = 8 .0 Hz, 2 H ) , 8.02 (d, 3'-dipyH, J=7.3 Hz, 2H); MS 
m/e 539 (M+-43, 6.0), 385 (98.1), 213 (61.3), 199 (44), 99 
(1 0 0 ) ; IR (KBr) 2920, 1586, 1451 cm- 1 ; A n a l . Calcd. for 
^ 3 3 ^ 3 4 ^ 4 ® 6 : 68.03; H, 5.88; N, 9.62. Found:




2 3 < 0 ? (2, 6 -pyri d i n o ) 4 - 1  * 0  »1?•5-coronand-6>17,18-dione 
( 1 3 3 ) . - A solution of bis-ketal 132 (190 mg, 0.35 mmol) in 
aqueous THF (50 ML) with conc. HC1 (1 mL) was refluxed for 
6  hrs. After cooling to 25°C, the mixture was neutralized 
with 10% aqueous N a H C O j , the macrocyclic dione was extracted 
with C H C I 3 , dried over anhydrous N a 2 S 0 4 , concentrated 
in vacuo to dryness to furnish a solid which was chromato­
graphed by short alumina column eluting with EtOAc to give 
dione 1 3 3 , as a white solid: 120 mg (75%); mp 136-138°C; 1H 
N MR 8  1-90 (quin, C H 2 C H 2 C H 2 , J=7.6 Hz, 2H), 2.92 (t, 
C H 2 C H 2 C H 2 f J = 7 . 6  Hz, 4H), 4.79 (s, p y C H 2 , 4H), 4.92 
(s, d i p y C H 2 , 4 H ), 7.39 (d, 5-dipyH, J=7.8 Hz, 2 H ) , 7.57 (d,
5-pyH, J = 7 . 8  Hz, 2H), 7.72 (t, 4-pyH, J=7.8 Hz, 2H), 7.80 (t, 
4-dipyH, J = 7 . 8  Hz, 2H), 7.88 (d, 3-pyH, J=7.8 Hz, 2 H ) , 8.12 
(d, 3-dipyH, J=7.8 Hz, 4H); MS m/e 494 (M+ , 2.2), 213 
( 100) , 199 (6 6 .6 ), 198 (99.7), 184 (51 ); IR (KBr) 2910, 1691 , 
1581, 1437, 1079 c m - 1 ; A n a l . Calcd. for C 2 9 H 2 6 N 4 O 4 :
C, 70.45; H, 5.60; N, 11.33. Found: C, 69.83; H, 5.44; N,
11.30.
95




21 <0? ( 2 ,6 -pyridino) c;-1 • 0? • 1 ?• 0-coronand-7> (134).
A solution of macrocyclic dione 133 (76.5 mg, 0.155 mmol) 
and N H 2 O H •HC1 (10.8 mg, 0.155 mmol) in AcOH (150 mL) was 
refluxed for 24 hrs. After evaporation in vacuo of AcOH, the 
mixture was dissolved in CHCI 3 , washed with aq. NaCl 
solution, dried over anhydrous N a 2 S 0 4  and concentrated in 
vacuo to give a crude mixture, which was chromatographed on 
an A I 2 O 3  column by eluting with C HCI 3  to afford 
macrocycle 134, as slightly yellow crystals: 15 mg (20%); mp 
202-205°C; 1H NMR S 4.85 (s, p y C H 2 , 4H), 4.91 (s, 
d i p y C H 2 , 4 H ) , 7.16 (dd, 5-pyH, J=7.8, 1.0 Hz, 2H), 7.27 
(dd, 5 - d i p y H , J=7.6, 1.0 Hz, 2 H ) , 7.40 (t, 4-pyH, J=7.8 Hz, 
2H), 7.67 (t, 4-dipyH, J=7.8 Hz, 2 H ) , 7.67-7.80(m, 3-dipyH,
3-pyH, 4H); MS m/e 473 (M+ , 2.5), 353 (69.2), 261 ( 1 0 0 ) ,




A. 6-Bromo-2-picoline (136). To a mechanically stirred 
solution of 2-amino-6-picoline (540 g, 5 mol) in 48% HBr 
(1900 m L ) , B r 2 (750 mL, 15 mol) was added dropwise, 
followed by slow addition of an aqueous solution of NaNC >2 
(871 g, 15 mol; in 1260 mL of H 2 O ) . The temperature was 
maintained at -10 to -15°C, then this solution was 
neutralized with aqueous NaOH, extracted with C H 2 CI 2 , 
dried over MgSC>4 , and concentrated in vacuo to give an oil:
374.3 g (8 8 %); bp 62-65°C (4 mm) [lit . 7 6  bp 52-55°C (1 mm)].
B. 6 ,6 '- D i m e t h y 1-2,2'-dipyridine (1 3 7 ). A mixture of 
2-bromo-6-picoline (6 8 . 8  g, 0.4 mol), NaHCC >3 (40.8 g,
0.6 mol), 5% Pd/C (2.4 g), benzyltriethylammonium chloride 
(16 g, 60 mmol), 32% NaOH (w/w, 40 mL), and H 2 O (120 mL) 
was refluxed in a stainless steel reactor for 48 hr. Reaction 
time is largely dependent upon the purity of 6 -bromopicoline 
and can be monitored by TLC on silica gel [pet. ether/Et 2 0  
(2:1)]. The mixture was filtered through Celite, extracted 
with C H 2 CI 2 , dried over anhydrous MgS 0 4 , concentrated, 
and distilled in vacuo to give 137g, as a solid: 21.6 g 




6  r6 '-Dimethyl-2,2'-dipyridine (137). - To 2-picoline
(70 g, 750 mmol) and freshly distilled 2-picoline N-oxide 
(82.5 g 756 mmol), was added 10% Pd/C (15 g) with Pd/C (200 
mg), and heated on the oil bath gradually. The temperature 
was elevated to 135°C, then maintained at 120°C. After 
refluxing for 2 0  hrs, a CH 2 CI 2  extract was washed with 
H 2 O twice and dried over anhydrous N a 2 SC>4 . Evaporation 
in vacuo gave brown colored solid. Kugelrohr distillation 
gave 137, which was purified by recrystallization from 
EtOH-H 2 0  to give plate-shaped crystals: 70.1 g (51%); mp 
8 8 - 8 9 °C (lit . 7 7  mp 89-90°C).
H3 AcOH *  c  









A. 6 ,6 '-Dimethyl-2,2'-dipyridine Di-N-oxide (140).
A mixture of 6 ,6 '- d i m e t h y l - 2 ,2'-dipyridine (35 g, 190 mmol),
98
30% hydrogen peroxide (140 m L ) , and glacial AcOH (140 mL) 
was stirred at 90°C for four hours. Additional H 2 O 2  (30%;
140 mL) was added and the solution stirred at 90°C for 12 
hrs. The mixture was cautiously concentrated, repeatly 
diluted with H 2 O and concentrated _in v a c u o . The crude 
di-N-oxide was neutralized with aqueous NaHCOj and 
extracted with C H 2 C 1 2 * The extract was dried, concentrated, 
and the crude product recrystallized from CHCI 3 /C 6 H 1 2  
to give the di-N-oxide, as white crystals: 39.5 g (96%); mp 
18 5-187°C [lit . 7 8  mp 220°C (dec)].
B . 6 .6 1 - B i s (a c e t o x y m e t h y l )-2,21-dipyridine (141).
A solution of 6,6'-dimethyl-2,2'-dipyridine 1 ,1'-di-N-oxide 
(35 g, 162 mol) in distilled A C 2 O (350 mL) was heated for 
2 hrs at 90°C. The dark mixture was concentrated in v a c u o , 
and the resulting solid was dissolved in CH 2 Cl 2 » washed 
with a 1 0 % aqueous N a 2 CC>3 solution, dried, and concentrated 
in v a c u o . The crude product was passed through a short silica 
gel column eluting with C H 2 C 1 2 - The eluant was concentrated 
and the product recrystallized from C 6 H 1 2  to give diester, 
141, as white crystals: 35 g (72%); mp 100-102®C (lit . 7 8  
mp 102-10 4 ° C ) .
f
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C. 6 ,6 '-Bis(hydroxymethyl)-2 ,21-dipyridine (1 4 2 ).
A suspension of diacetate 121 (20 g, 67 mmol) and anhydrous 
K 2 C O 3  (30 g, 0.22 mol) in EtOH (200 mL) was stirred for 
12 hours. The mixture was filtered and concentrated in vacuo 
to give diol 142, which was recrystallized from H 2 O, 





A. 6 ,6 '-Dimethyl-2,21-dipyridine N-oxide (143). To a 
stirred ice-cold solution of 6 ,6 '-dimethyl- 2 ,2 1-dipyridine 
(3.68 g, 20 mmol) in C H C I 3 (25 mL) , was added m-ClC 6 H 4 CC>3 H 
(3.45 g) dissolved in C H C I 3 (75 mL) over 3 hrs. The solution 
was stirred for 1 hr at 25°C, washed with a 10% aqueous NaHC 0 3  
solution and H 2 O. The CHC I 3  extract was dried over N a 2 SC>4 
and concentrated in vacuo to give a white solid, which was 
dissolved with Et 2 < 0 and the unchanged di-N-oxide was 
filtered. Evaporation of E t 2 0  solution gave a solid, 
was chromatographed on silica gel eluting with EtOAc-MeOH 
(3:1) to afford N-oxide 143: 2.96 g (74%); mp 52-54°C 
(lit.78 n,p 5 5 - 56°C).
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B . 6 -(A c e t o x y m e t h y l )-6 1 -methyl-2 , 2 1-dipyridine (14 4 ) .
A solution of 6 ,6 '- d i m e t h y l - 2 ,2'-dipyridine N-oxide (3.2 g, 
16 mmol) in A C 2 O (50 mL) was heated at 90°C for 24 hrs. The 
solution was concentrated in vacuo to a give crude mixture, 
which was dissolved in C H 2 C I 2 , washed with 1 0 % aqueous 
N a 2 CC>3 solution, H 2 O, and dried over anhydrous MgSO^j.
After concentration the residue was chromatographed on silica 
gel column eluting with CH 2 CI 2  to afford the ester, as a 
colorless oil: 3.57 g (92%).
C. 6 -(Hydroxymethyl)- 6 '-methy1 - 2 , 2 1-dipyridine (1 4 5 ).
A solution of 6-(acetoxymethyl)-6,-methyl-2,2'-dipyridine 
(2 g, 8.3mmol) in 5N HC1 (20 mL) was refluxed for 12 hrs, 
then neutralized with a sat. N a 2 CC>3 solution, and 
extracted with C H C I 3 . The organic extract was dried over 
anhydrous N a 2 S0 4 , concentrated in vacuo to give the 
alcohol, as a white solid, which was recrystallized from 
aqueous EtOH to give white crystals: 1.6 g (99%); mp 7 0 - 7 1 °C 
(lit . 7 8  mp 71-72°C) .
D. 6 -(C h l o r o m e t h y l )- 6 '-methyl-2,2'-dipyridine (1 4 6 ).
A mixture of 6 - (hydroxymethyl)- 6 '- m e t h y l - 2 ,2'-dipyridine
(1 g, 5 mmol) in S O C I 2  (5 mL) was refluxed for 2 hrs, then 
concentrated in vacuo to afford a dark residue, which was 
dissolved in 1 0 % aqueous N a 2 CC>3 solution and extracted 
with C H 2 C I 2 . After drying the C H 2 C I 2 extract over
101
M g S 0 4 , the crude product was chromatographed on silica gel 
column eluting with EtOAc/CgH-^ (1:2) to give 
monochloride, as white crystals: 1.0 g (95%); mp 59-60°C
(lit.78 inn
B i s [6 - ( 6 1 - m e t h y l - 2 ,2 1 -dipyridinyl)]-dimethylether (1 4 7 ). 
To a slurry of NaH (269 mg, 12.2 mmol) in dry THF (80 mL) was 
added dropwise alcohol 145 (2.0 g, 10 mmol) in THF (20 mL) 
under nitrogen. The mixture was stirred for 1 hr, then 
chloride 146 (2.18 g, 10 mmol) in dry THF (50 mL) was added 
dropwise. The mixture was refluxed for 20 hrs, then water (5 
mL) was added. The mixture was concentrated in vacuo and 
partitioned between CH 2 CI 2 / H 2 O. The organic extract was 
dried and evaporated to give ether 1 4 7 : 3.49 g (91%); mp 
175-178°C; 1h NMR S 2.63 (s, p yCH3 , 6 H), 4.90 (s, 
py C H 2 / 4 H ) , 7.15 (d, 5'-pyH, J=7.8 Hz, 2H), 7.56 (d, 5-pyH, 
J = 7 . 8  Hz, 2H), 7.67 (t, 4'-pyH, J=7.8 Hz, 2 H ) , 7.83 (t,
4-pyH, J = 7 . 8  Hz, 2H), 8.19 (d, 3 ’-pyH, J=7.8 Hz, 2H), 8.31 
(d, 3-pyH, J = 7 . 8  Hz, 2H); MS m/e 382 (M+ , 0.2), 199 (53.3), 
184 (100); IR (KBr) 1555, 1437, 1321, 1137, 772 cm"1;
A n a l . Calcd. for C 2 4 H 2 2 N 4 O: C, 75.37; H, 5.80; N, 14.65. 





6 -Formyl- 6 '-methy1 - 2 , 2 ’-dipyridine (148). A mixture of 
ether 147 (191 mg, 0.5 mmol), SeC>2 (133 mg) in AcOH (75 mL) 
was refluxed for 6  hrs. The mixture was filtered through a 
Celite pad and concentrated in vacuo to dryness, then 
dissolved in C H 2 C I 2  (75 mL) and washed with 10% NaHC 0 3  
and water, dried over anhydrous N a 2 S 0 4  to yield aldehyde 
1 4 8 ; 188 mg (95%); mp 8 9 - 9 1 °C; 1H NMR § 2 . 5 7  (s, pyC H 3 ,
3 H ), 7.14 (d, 5'- p y H , J=7.8 Hz, 1H), 7.67 (t, 4'-pyH, J=7.8 
Hz, 1H ), 7.87 (m, 3 , 5-pyH, 2H), 8.26 (d, 3'-pyH, J=7.8 Hz,
1H ), 8.61 (m, 4-pyH, 1H); MS m/e 198 (M+, 77), 170 (M+-CO, 
52.8), 169 (M+ - CHO, 100), 149 (33); IR (KBr) 1700, 1570,
6 -Chloromethyl- 6 '-hydro x y m e t h y l - 2 ,21-dipyridine (1 4 9 ). 
A stirred mixture of 6 ,6 '- b i s (h y d r o x y m e t h y l )-2,2-dipyridine 
142 (5g, 43.2 mmol) in dry THF (250 mL) under nitrogen was 
cooled to -45°C and treated with n-BuLi (9.0 mL, 2.5 M ) . 
After 1 hr, MeS02Cl (2.65 g, 43.2 mmol) in dry THF (20 m L ) ,
142 149
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was added dropwise for 1 hr. The mixture was allowed to rise 
slowly to 25°C. After quenching with small amount of H 2 O, 
the mixture was concentrated in v a c u o , dissolved in C H 2 CI 2 , 
washed with H 2 O, dried over anhydrous N a 2 SC>4 r and 
evaporated in vacuo to give crude product, which was 
chromatographed (T h L C ) of A I 2 O 3  by eluting with E t 2 0 . A 
non-polar fraction was found to be the chloride 14 9 : 1.0 g 
(18%); mp 99-102 0 C; 1H NMR § 4 . 7 4  (s, pyCH 2 Cl, 2H), 4.81 
(s, p y C H 2 0, 2H), 7.24 (d, 5-pyH,J=7.8 Hz, 1H), 7.48 (d,
5-pyH, J = 7 . 8  Hz, 1H) , 7.80 (dd, 3,3'-pyH, J=7.8 Hz, 2H), 8.32
8.32 (dd, 4,4'-pyH, J=7.8 Hz, 2 H ) ; MS m/e 234 (M+ , 36.5),
233 ( 1 0 0 ) , 198 (43.4), 169 (36); IR (KBr) 3380 (OH), 1578, 
1443, 1390, 1070, 790 cm- 1 .
6 -Hydroxymethyl- 6 1 -methanesulfonylmethy1 - 2 , 2 1-d ipyrid ine 
(1 5 0 ). A stirred mixtrue of 6 ,6 1- b i s (hydroxymethyl) -2,21- 
dipyridine (1 4 2 ) (5 g, 23.1 mmol) in dry THF (250 mL) under 
nitrogen was cooled to -60°C and treated with n-BuLi (9.0 mL; 
2.5 M, hexane). After 1 hr, MeS 0 2 Cl (2.65 g) in dry THF 
(20 mL), was added dropwise for 1 hr. The mixture was stirred 
12 hrs and allowed to rise slowly to -20°C. Water (5 mL) was 
added to the mixture, which was evaporated in vacuo,
142 150
104
extracted with C H 2 C I 2  (200 m L ) , washed with H 2 O, dried 
over anhydrous MgSC>4 , and concentrated in vacuo to furnish 
the solid mesylate 1 5 0 : 6.49 g (96%); mp 101-103°C; NMR 
S 3.03 (s, C H 3 SO 2 , 3 H ), 3.63 (brs, OH), 4.73 (s, 
p yCH 2 0, 2H), 5.31 (s, pyCH 2 OMs, 2 H ) , 7.18 (d, 5-pyH,
J = 7 . 8  Hz, 1H ), 7.38 (d, 5'-pyH, J=7,7 Hz, 1H), 7.71 (t, 
4-pyH, J = 7 .7 Hz, 1H), 7.81 (t, 4'-pyH, J=7.7 Hz, 1H), 8.22 
(d, 3-pyH, J = 7 .7 Hz, 1H), 8.36 (d, 3'-pyH, 3 = 1 . 1  Hz, 1H); MS 
m/e 294 (M+ , 7), 293 (44.4), 197 (100), 79 (19.8).
6 ,6 *-Bis(methanesulfonylmethyl)- 2 ,2 1-dipyridine (15 1 ).
The monomesylate (5 g, 17 mmol) was dissolved in boiling EtOH 
and water was added until the solution became turbid. After 
cooling, the crystalline solid precipitated, filtered, and 
dried to give dimesylate 15 1 : 2.1 g (33%); mp 131-131 0 (dec);
1H NMR S 3 .08 ( S ,  C H 3 SO 3 , 6 H), 5.41 (s, pyCH^O, 4 H ) ,
7.49 (d, 5-pyH, J=8.0 Hz, 2 H ) , 7.89 (t, 4-pyH, J=8.0 Hz, 2H), 
8.42 (d, 3-pyH, J=8.0 Hz, 2 H ) ; MS m/e
151
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372 (M+ , 13.9), 293 (M+ - C H 3 S02, 10.2), 197 ( 100) ; IR 
(KBr) 1583, 1448, 1333, 1160, 972 cm~1; A n a l . Calcd. for
c 14h 14n 2°6 s 2 : c ' 45.15; H, 4.33; N, 7.52.
Found. C A c * u A °n * M *7  ̂c
Bis-f 6 - 1 6 '-hydroxymethyl-2, 2 1-dipy r i d y l )]dimethylether 
(15 2 ). To the solution of 6 ,6 '- b i s (hydroxymethyl)-2,21- 
dipyridine (5 a, 23.1 mmol) in dry THF at -60°C, was added 
n-buLi (9.0 mL; 2.5 M, hexane) dropwise under nitrogen 
atmosphere. Then monomesylate 150 (6.31 g, 23.1 mmol) in dry 
THF (50 mL) was added dropwise for 2 hr. The mixture was 
stirred for 24 hr at -45°C and the temperature was allowed to 
rise gradually to 25°C. The mixture was evaporated JLn vacuo 
after the addition of H 2 O (5 m L ) . The unreacted diol 142 
was recovered: 1.02 g. The resulting solid was washed with 
C H C I 3  to give diol 1 5 2 , as white crystals: 5.25 g (55%); mp 
188-190°C; ’h NMR 8  4.66 (s, pyC H 2 0, 4H), 4.86 (s,
2 p y C H 2 0 H, 4H), 7.51 (d, 5-pyH, J=7.8 Hz, 2H), 7.60 (d,
5 ’-pyH, 3 = 7 .8  Hz, 2 H ) , 7.93 (t, 4-pyH, J=7.7 Hz, 2H), 7.98 
(t, 4'- p y H , 3 = 1 . 7  Hz, 2H), 8.23 (d, 3-pyH, J=7.8 Hz, 2 H ) ,
8.31 (d, 3'-pyH, 3 = 7 . 8  Hz, 2H); MS m/e 414 (M+ , not o b s ) ,
142 -  45*Ct20*C 152
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215 (53), 200 ( 100) , 182 (31 .8 ); IR (K B r ) 3334 (OH), 2870, 
1576, 1444, 779 cm“ ^j A n a l . Calcd. for C24H22N 4 ° 3 :




-  6 0 * C. Et3 N CHO
153
Bis r6 — (6 '- f o r m y l - 2 ,2'-dip y r i d y l )]dimethylether (153). A 
solution of dry C H 2 C 1 2  (75 mL) and (COCl2)2 (3 33
mmol) was placed in 250 mL three neck round bottomed flask 
equipped with mechanical stirrer, then DMSO (5.1 mL, 6 6  mmol) 
in dry CH 2 CI 2  (15 mL) was added to the stirred (C0C12 )2 
solution at -60°C. After 2 min, diol (1.32 g, 10 mmol) in 
DMSO (10 mL) was added in 5 min. Temperature was increased to 
-30°C and stirring was continued for 90 min. Triethylamine 
(21 mL) was added to quench the reaction and temperature was 
allowed to rise to 25°C. Water (100 mL) and CH 2 Cl 2  (200 mL) 
was added. The CH 2 C 1 2  extract was dried over anhydrous 
N a 2 S 0 4 , evaporated in vacuo to yield the solid mass, 
which was washed with Et 2 0  (100 mL) to eliminate the M e 2 S 
and triturated with MeOH (50 mL) to obtain 1 5 3 , as powdery 
white solid: 1.11 g (90%); mp 201-203°C; 1H NMR & 4.94 (s, 
py C H 2 0 , 4H), 7.64 (d, 5-pyH, J=7.6 Hz, 2 H ) , 7.92 (t, 4-pyH,
J = 7 . 8  Hz, 2H), 7.97 (m, 4 ,,5'-pyH, 4H), 8.48 (d, 3-pyH, J=7.8 
Hz, 2H), 8 . 6 8  (t, 3'-pyH, J=7.8 Hz, 2H), 10.18 (s, pyCHO, 2H);
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MS m/e 410 (M+ , not obs), 381 (M+-CHO, 0.1), 213 (40.7), 
198 (1 00); IR (K B r ) 1721 (CO), 1583, 1442, 1147, 786 c m " 1; 
A n a l . Calcd. for C 2 4 H 1 8 N 4 O 3 : C, 70.23; H, 4.42;
N, 13.65. Found. C, 69.54; H, 4.28; N, 12.74.
T*0H
153 154
6 - [ 6 '-( 1 ,3-Dithianyl)- 2 ,2 '-dipyridyl]dimethylpyridine 
(1 5 4 ). A solution of dialdehyde 153 (1.05 g, 2.56 mmol),
1,3-propanedithiol (520 /iL, 5.2mmol), and p-TsOH (1 g) in 
toluene (200 mL) was refluxed for 5hrs; the water was removed 
with Dean-Stark trap. A 10% aqueous NaHC 0 3  solution was 
added to solution and toluene layer was separated, washed 
with H 2 O, dried over anhydrous N a 2 S0 4 , evaporated in 
vacuo to yield the dithiane: 1.17 g (78%). Purification by 
recrystallization (toluene) gave 1 5 4 ; mp 165-167°C; 1H NMR 
S 2.05 (m, SCH 2 C H 2 C H 2 S, 4 H ) , 3.05 (m, SCH 2 CH 2 CH 2 S, 8 H), 4.89 
(s, p yCH 2 , 4H), 5.45 (s, pyCH, 2H), 7.49 (d, 5-pyH, J=7.8 
Hz, 2H), 7.56 (d, 5'-pyH, J=7.8 Hz, 2H), 7.80 (t, 4-pyH,
J = 7 . 8  Hz, 2H), 7.84 (t, 4'-pyH, J=7.8 Hz, 2H), 8.36 (d,
3-pyH, J = 7 . 8  Hz, 2H), 8.42 (d, 3'-pyH, J=7.8 Hz, 2H); MS m/e 
590 (M+, 19.3), 557 (M+-SH, 8.4), 303 (98.9), 269 (78.8),
299 ( 100); IR (KBr) 2902, 1570, 1439, 1276, 1 1 16 c m - 1.;
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A n a l . C a l c d . for C 3 0 H 3 0 N 4 OS 4 : C, 60.99; H, 5.12; N, 9.48. 









20<Q( 2 f 6 -pyridino) c;-1.0 .5.0 .1 -coronand-5>-11 ,1 5-dione 
(1 5 6 ). To a stirred solution of bis-dithiane (1.18 g, 2mmol) 
in dry THF (350 m L ) , was added n-buLi (2.2 mL; 2.5M) at -45°C 
under N 2 . The solution turned green immediately! After 1 
hr, 1 ,3-dibromopropane (555 mg, 2.75 mmol) in THF (20 mL) was
added dropwise. The mixture was stirred at -45°C for 72 hrs
and allowed to rise to 25°C slowly and maintained one
additional day. The mixture was quenched with water and
evaporated in v a c u o , dissolved in C H C I 3 , washed with H 2 O, 
dried over anhydrous N a 2 SC>4 , and evaporated in vacuo to 
give crude mixture (1.5 g). Without separation of 
macrocycles, the bis-dithiane groups were cleaved to give 
the corresponding ketones. To a stirred solution of NBS (5.7 
g, 32 mmol) in 80% aqueous THF (25 mL) at 0°C, was added the 
crude reaction mixture (1.50 g) in THF (25 mL) and MeOH (1 
m L ) . Stirring was maintained for 1 hr and then a sat. aqueous
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N a 2 SC>3 solution was added. After addition of saturated 
aqueous N a 2 CC>3 , C H C I 3  (200 mL) was added and organic 
layer was separated and washed with H 2 O. Evaporation in 
vacuo gave the crude solid, which was washed with Et 2 0  and 
dissolved in C H C I 3  (100 m L ) , washed with H 2 O, dried over 
anhydrous N a 2 SC> 4 to give the crude ketone (590 mg).
Isolation of the 1:1-macrocycle was attempted by chromatogra­
phy (T h L C ; A I 2 O 3 ) but the polar fraction could not be 
purified from its impure colored substance although mass 
spectrum suggests the presence of 1:1 macrocycle: 320 mg 
(36%); mp 172-175°C; 1H NMR § 2.26 (quint, COCH 2 CH 2 CH 2 C O ,
J = 7 . 6  Hz, 2H), 3.45 (t, COCH 2 CH 2 C H 2 C O , J=7.6 Hz, 4 H ) ,
4.78 (s, pyCH 2 » 4H), 7.47 (dd, 5-pyH, J=7.6, 0.8 Hz, 2H),
7.71 (t, 4-pyH, J = 7 . 8  Hz, 2H), 7.81 (t, 4'-pyH, J=7.8 Hz,
2H), 7.98 (dd, 5'- p y H , 3 = 1 . 2 ,  1.8 Hz, 2 H ) , 8.28 (dd, 3-pyH, 
J = 7 .6 , 0.8 Hz, 2H), 8.52 (dd, 3'-pyH, J=7.2, 1.8 Hz, 2H); MS 
m/e 450 (M+ , 5.7), 169 ( 100) , 184 (66.4), 239 (64.7); IR 
(KBr) 1689 (C=0), 1578, 1437. 1129 c m " 1.
18<0( 2 ,6 -pyridino) c;-1. O 4  .1-coronand- 6 > (157 ). A 
mixture of diketone 156 (277 mg, 0.21 mmol) and N H 2 0 H*HC 1
NHgOH HCI.
AcOH . 2 4 h r  
reflux
156 157
(40 mg, 0.21 mmol) in AcOH (50 mL) was refluxed for 24 hrs. 
The mixture was concentrated _in vacuo and dissolved in 
C H C I 3 . The C HCI 3  extract was washed with sat. aqueous 
NaHCC>3 , H 2 O, dried over anhydrous N a 2 SC>4 , and 
concentrated _in vacuo to give a crude dark brown residue, 
which was chromatographed (T h L C ) on alumina. The polar 
fraction was rechromatographed (ThLC) on alumina eluting wi 
C H C l 3 ~MeOH (20:1) to give the desired product: mp 162-1650C 
1H NMR 8  4.83 (s, p y C H 2 , 4H), 7.23 (d, 5-pyH, J=7.8 Hz,
2 H ), 7.55 (m, 3,3",5 " - p y H , 4H), 7.77 (t, 4-pyH, J=7.8 Hz, 
2H), 7.81 (t, 4"-pyH, 1H), 7.84 (t, 4'-pyJ3, J=7.8 Hz, 2 H ) ,
8.33 (d, 3 ’,5 1 - p y H , J=7.8 Hz, 4H); MS m/e 386 (0.8, 
M + - C H 2 CH0), 215 (81 ), 200 ( 100) , 198 (69.9); IR (KBr) 1573, 
1441 cm- 1 .
6 ,6l- D i f o r m y l - 2 ,2'-dipyridine (1 5 8 ). A mixture of 
6,6'-dimethyl-2,2'-dipyridine (10 g, 54.3 mmol) in glacial 
AcOH (300 mL) and Se 0 2  (15 g) was refluxed for 5 hr. Then 
additional Se 0 2  (15 g) was added and refluxed for 19 hrs. 
Removal of AcOH _in vacuo following the filtration of Se° on 
Celite to give the yellow dialdehyde, which was washed with 
H 2 O and dried in vacuo to yield pale yellow solid (7.36 g, 
64%). Recrystallization in DMF gave colorless needles:
AcOH,
2 4 hr reflux
137 158
I l l
mp 234- 2 3 5 °C (lit.79 mp 235°C); 1H NMR g 8.02-8.88 (m, 
pyH, 6 H ) , 10.19 (s, p y C H O , 2H); MS m/e 212 (M+ , 1 0 0 ) , 184 
(M+-CO, 6 9 . 2 ) ,  183 (M+-CHO, 43.9), 155 (86.9); IR (KBr) 
2860, 1697, 1579, 1442, 1231 cm- 1 .
6 .6 '-Bis[2-(1,3-dithianyl)]-2,2'-dipyridine (1 5 9 ) .
A solution of dialdehyde 158 (1 g, 4.7 mmol), 1,3-propane- 
dithiol (950 f XL, 9.5 mmol), and jd- T s OH (1 g) in toluene 
(100 mL) was refluxed for 5 hrs with collection of H 2 O in 
the Dean-Stark trap. After neutralization with 10% NaHC 0 3  
solution, the toluene layer was washed with 10% aqueous KOH 
to separate the unchanged dithiol. After washing with H 2 O, 
the organic layer was dried over anhydrous N a 2 SC>4 and 
concentrated in vacuo to furnish the crude solid, which was 
column chromatographed on alumina by eluting with C H C I 3  to 
yield the dithiane, as a white solid: 1.10 g (59%). Further 
purification by recrystallization in toluene gave colorless 
needles: mp 197-198°C; 1H NMR g 2.16 (m, C H 2 CH 2 CH 2 ,
4 H ), 3.07 (m, C H 2 C H 2 C H 2 , 8 H ) , 5.43 (s, pyCH, 2 H ) , 7.48
(dd, 5-pyH, J = 7 .7, 1.0 Hz, 2H), 7.80 (t, 4-pyH, J=7.7 Hz, 2H),
8.44 (dd, 3 - p y H , 3 = 1 . 1 ,  1.0 Hz, 2H); MS m/e 392 (M+ , 3.6),
359 (M+-SH, 100) , 245 (25), 106 (6.9); IR (KBr) 2884,






Ci 8 H 2 ON 2 S 4 : C, 55.06; H, 5.13; N, 7.14. Found:
C, 54.83; H, 5.08; N, 7.23.
2.BrCCH2>3Br, 
- 45 °C. 24 hr
I. BuLi.THF
159 160
6 — [2— (1,3 - D i t h i a n y l )]— 6 ' — [2— [3— (1-propenyl)-1,3-dithian- 
y l ] ]-2,2 '-dipyridine ( 160) . To a 4-necked 1L flask equipped 
with a mechanical stirrer and thermometer, dithiane 160 (785 
mg, 2 mmol) in THF (150mL) was added under N 2 . After 
cooling to -45°C, n-buLi (1.67 mL; 2.4M hexane) was added 
over 20 min., the solution turned purple. After 1 hr,
1,3-dibromopropane (404 mg, 2 mmol) in THF (20 mL) was added 
dropwise. The mixture was kept between -30° and -40°C for 12 
hrs and then allowed to warm to 25°C slowly. The reaction was 
quenched with H 20 (2 mL) and concentrated in vacuo to give 
a crude solid, which was chromatographed (column, SiC>2 ) 
eluting with C H C l 3 :MeOH (4:1) to afford 50 mg of 1 6 0 : mp 
126-129°C; 1H NMR S 2.04, 2.33 (2m, C H 2 CH 2 C H 2 , 4H 
ea), 2.80, 3.05 (2m, C H 2 CH 2 CH2 , 4H ea.) 3.42 (m, C H 2 =CHCH2 , 
2H), 4.02 (m, C H 2 = C H C H 2 , 1H ), 4.33 (m, C H 2 =CHCH 2 ,2H),
5.48 (s, CH, 1H ), 7.54, 7.56 (2d, 4,4'-pyH, J=7.8 Hz, 2H), 
8.00 (2t, 5,5'-pyH, J=7.8 Hz, 2H), 8.26 (d, 3-pyH, J=7.8 Hz,
1H ), 8.60 (d, 3'-pyH , J = 7 . 8  Hz, 2H); MS m/e 432 (M+ , 2.9),
399 (M+-SH, 1.2), 359 (4.2), 325 (100); IR (KBr) 1560, 1430
I. BuLI,THF
2 Br(CH2)3BrT ^ ^ 3
( j h g n g r b
H H -45°C, 72hr
160
161
NBS, (CH2^3 (0 2̂ ) 3  162
THF-H^O-M eOH* 
30 min
Preparation of the Macrocyclic tetraketone (162). 
n-BuLi (4.2 mL; 2.5 M hexane) was added to a solution of 
dithiane (1.96 g, 5 mmol) in dry THF (600 mL) at -60°C under 
nitrogen. The resulting purple solution was stirred for 2 hrs 
and 1 ,3-dibromopropane (1.03 g, 5 mmol) in dry THF (20 mL) 
was added dropwise. The mixture was kept between -30 and 
-40°C for 3 days and then allowed to warm slowly to 25°C. 
Stirring was maintained for one additional day. The mixture 
was concentrated in vacuo and was partitioned between H 2 O 
50 mL) and C H 2 C I 2  (200 mL). The extract was dried over 
anhydrous N a 2 SC> 4 and evaporated in vacuo to give the 
tetrakis(dithiane): 2.54 g. Without separation of cyclized 
products, the crude mixture was dissolved in THF (50 m L ) , 
C H C I 3  (10 m L ) , and MeOH (5 mL). This solution was added to 
a stirred slurry of NBS (14.24 g) in 80% aqueous THF (50 mL) 
at 0°C dropwise. After stirring for 30 min, a solution of 
saturated N a 2 S 0 4  was added until the solution turned
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colorless. Then 10% aqueous NaHCC>3 was added to make the 
solution basic, then the mixture was extracted with C H 2 C I 2 , 
washed with water, then brine, and dried over anhydrous 
N a 2 SC>4 . Evaporation in vacuo gave a pale yellow solid 
(900 mg), which was triturated with Et 2 0 . The product was 
chromatographed on alumina eluting with CgHi 2 /Et0Ac ( 1 :1 ) 
and C HCI 3 to give the 2 :2-macrocyclic tetraketone: 200 mg 
(16%); mp 206-208 °C (dec); 1h NMR S 2.35 (quin, C H 2 C H 2 C H 2 ,
J = 6 . 6  Hz, 4 H ), 3.38 (t, CH 2 CH 2 CH2 / J = 6 . 6  Hz, 8 H), 7.74
(t, 4-pyH, J = 7 . 8  Hz, 4H), 7.81 (dd, 5-pyH, J=7.8, 1.2 Hz, 4H),
8.10 (dd, 3 - p y H , J = 7 .8 , 1.2 Hz, 4H); MS m/e 504 (M+, 26.1),
448 (22.5), 407 (30.0), 239 (82.2), 170 (72.3), 169 (84.0),
155 (1 0 0 ); IR (KBr) 1688 (C=0), 1596, 1433 cm- 1 ; A n a l .





18 < (2,6-pyridino)fi-coronand-6>; Hexapyridine (1 6 3 ).
A solution of tetraketone 162 (415 mg, 0.82 mmol) and N H 2 OH 
HC1 (126 mg) in glacial AcOH (50 mL) was refluxed for 24 hrs. 
The mixture was extracted with C H 2 C I 2 , washed with sat.
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aqueous NaHCC>3 , dried over anhdrous N a 2 S 0 4 , and evaporated 
in vacuo to obtain crude mixture, which was column 
chromatographed on alumina eluting with CHCI 3 . The mixture 
was chromatographed (ThLC) on alumina eluting with 
CHC l 3 /MeOH (20:1) to furnish 18 < (2,6-pyridino)6~coronand-6>, 
as pale yellow crystal: 12 mg (4%); mp 292-295°C (dec); 1h 
NMR 8  7.81 (t, 4-pyH, J=7.7 Hz, 6 H), 8.13 (d, 3-pyH, 3 = 1 . 1  
Hz, 12H); 13c NMR § 1 2 1 . 9 6  (3,5C), 137.76 (4C), 156.62 
(2,6C); CI-MS (CH4 ): 388 (M++3H-77), 311 (M++3H-154),
157 (77X2+3H, 100).
Results and Discussion
Introduction. The research goals were divided into 
four parts. Initially research was emphasized on the 
synthesis of nicotinic acid crown ethers with appendage 
groups, such as the carbinol and formyl groups. Then research 
objectives were moved to the synthesis of more complicated 
tripyridine crown ethers via formation of pyridine ring from
1.5-diketone macrocycles. Using this same methodology, the 
preparation of pentapyridine crown ether and cyclic 
hexapyridine were tried.
In Part I, in an attempt to synthesize "Type 2" 
nicotinic acid crown ethers with an appendage group of 
3-carbinol, an unexpected facile etherification reaction was 
encountered. A rationale was provided through the examination 
of reactions with non-cyclic model compounds, such as
2 .6-diethoxy-3-, 2-, and 3-hydroxymethylpyridine, as well as 
the corresponding THP-derivatives of these three compounds in 
order to eliminate the effect of crown ether bridge.
The preparation of the 3-formyl derivative of a "Type 2" 
pyridino crown ether was attempted. The aldehyde group, 
protected as a diethoxy acetal, on a macrocycle was found to 
give 3-formylpyridino macrocycle.
In Part II, the second research objective was the 
preparation of tripyridine crown ethers in view of their 
potential to complex transition metal ions and as precursors
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for pyridine N-oxide semispherands, which should have 
excellent binding properties with alkali metal ions via a 
reinforced cavity. Although Cram et a l . 2 9  predicted the 
free energies of association of terpyridine crown ethers 
with t-butylammonium salt, the preparation of these 
macrocycles had never been accomplished before perhaps 
because of synthetic difficulties involved in tripyridine 
ring formation. Our successful preparation of tripyridine 
crown ethers via 1,5-diketones, which were prepared from
1 ,3- b i s (d i t h i a n e ) derivatives, paved a new way to the 
synthesis of tripyridine macrocycles. X-ray crystal analysis 
of macrocycle hydrates showed interesting features of 
H-bonding between water and pyridine rings.
In Part III, the formation of pyridine ring from
1.5-diketones led directly to the synthesis of a 
pentapyridine crown ether. The synthetic approach was based 
upon the formation of an ether linkage, followed by the 
introduction of 1,5-diketone which subsequently is the 
source of the central pyridine ring of pentapyridine moiety.
In Part IV, during the synthesis of cyclic 
hexapyridine, it was divided into two identical dipyridine 
moieties and the two remaining opposite pyridine rings were 
synthesized via the application of this synthetic
1.5-diketone approach. The CPK molecular models suggest that 
the hexapyridine possesses an all syn-c o n f o rmation, which is 
proven via its 1H NMR spectrum.
1 IB
I . Nicotinic Acid Crown Ethers.
In order to functionalize a pyridine subunit within a 
crown ether (10 5 , 10 9 ) , incorporation of either the 
3-hydroxymethyl or 3-formyl moiety onto pyridine subunit was 
undertaken. The availability of 2 ,6 -dichloronicotinic acid 
(9 9 ) provided an excellent starting material for: (a) 
generation of the oligoethylene bridge via nucleophilic 
heteroaromatic substitution, and (b) transformation of the 
carboxyl group into other functionality for the subsequent 
construction of appendages. Examples of pyridino macrocycles 
with simple appendages, such as: cyano, amide, and amines, 
have been r e p o r t e d .^6 ,47
A. 3-Hydroxymethyl-2,6 -pyridino Crown Ether (10 5 d )
,*"3-H^droxymethyl-2 ,6 -pyridino crown ether (105 d ) can be 
synthetically divided into two units, i.e. 3-hydroxymethyl- 
pyridine moiety and oligoethylene glycol bridge. The obvious 
direct synthesis of 10 5 from 2 ,6-dichloro-3-hydroxymethyl- 
pyridine ( 1 0 1 ) and disodium oligoethylene glycolate will be 
plagued with competitive side reactions such as: abstraction 
of the acidic alcohol proton by base and subsequent 
intermolecular cyclization. In order to circumvent rival 
reactions, carbinol 1 0 1  was transformed into the base stable 
tetrahydropyranyl ether 1 0 2 , thus the source of competitive 
nucleophile has been eliminated. The overall reaction course 
was envisoned as Scheme 6 .
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Scheme 6 . Reaction Scheme for Hydroxymethylpyridino 
Crown Ether (10 5 d ).
Esterification of acid (9 9 ) was accomplished 
quantitatively by reaction of acycl halide with ethanol.80 
The presence of ester 100 was confirmed by 1H NMR showing a 
triplet at § 1.42 for methyl protons and a quartet at S 4.46 
for methylene protons. Although ethyl picolinate was readily 
reduced to the corresponding carbinol with sodium borohydride, 
the facility of this reduction is credited to the juxtaposed 
free N-electrons, which direct the reducing reagents into the 
carboxylate moeity. In the nicotinic acid series, e.g. 9 9 , 
this starting ester was recovered when ethanol was used as a 
solvent. But in methanol, 100 was transformed into the 
corresponding methyl ester via an ester exchange; sodium
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borohydride merely acted as a base catalyst. The ^H NMR
spectrum of 165 showed the presence of a singlet at S 3.98 
for methyl (ester) protons.
Strong reducing agents, such as LiAlH 4 , would thus be 
the better choice. However, LiAlH 4 might be detrimental 
because of the possibility of the reduction of pyridine ring 
to dihydropyridine or removal of chlorine atoms by 
hydrogenolysis. It was desirable to modify the reducing power 
of LiAlH 4 ; thus, A I C I 3 was used to facilitate the 
reduction.81 Although the actual reducing species of the 
mixed hydride, i.e. L iAlH 4 ~AlCl 3 complex, has not been 
determined, a dihydrido species has been suggested as the 
most likely candidate. The reaction was carried out in
LiAlH 4  + A I C I 3  ------ ► LiCl + 2 A I H 2 CI
diethyl ether, since THF has been s h o w n ® 2  to be cleaved 
by mixed hydrides to n-butanol. Although lithium chloride is 
insoluble in ether, the mixed hydride did not precipitate and 
presumably was present as the LiCl*Et 2 0  complex. W hen 
ester 1 0 0  was treated with this mixed hydride, the ester was 
smoothly converted into corresponding alcohol 1 0 1  with the
Q v ^ 0 2 E t  NaBH4 
' i s T X l  CH3OH
100 164
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two chlorine atoms intact as demonstrated by its NMR 
spectrum which showed a singlet at £ 3 . 3 0  for OH, a singlet 
at £  4.68 for pyC H 2 , and two doublets at £  7.21 and 7.83 
for the 5- and 4-pyH, respectively.
Alcohol 101 was subsequently protected by conversion to 
the base-stable tetrahydropyranyl ether (T H P ) , by treatment 
with 3,4-dihydropyran under acid condition.®^.The THP 
derivative 1 0 2  was purified by vacuum distillation, and its 
^H NMR spectrum showed characteristic multiplets of THP 
group at £ 1.72 and 3.75.
Treatment of 10 2 with sodium pentaethylene glycolate in 
refluxing toluene gave (19%) macrocycle 1 0 4 . The 1H NMR 
spectrum of 104 exhibited two multiplets at § 1.55 and 4.73 
confirming the presence of the THP moiety and characteristic 
multiplets for the ether bridge.
The THP group of 104 was hydrolyzed by refluxing in 
aqueous ethanol with traces of mineral acid. The resulting 
product was believed to be alcohol 105d and oxidation with 
KMnC>4 was attempted to generate the acid derivative.
However this product was found to be abnormally resistant to 
KMnC»4 oxidation; a most unusual result for a carbinol 
group. Upon closer examination of ^H NMR and MS spectra 
revealed that this product was a macrocycle with an 
ethoxymethylene appendage not the anticipated simple 
carbinol. The 1H NMR of 105b showed a triplet at § 1.23
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and quartet at g 3.58 for the ethoxy group and 
characteristic methylene multiplets. The mass spectrum showed 
a base peak at m/e 45 corresponding to EtO+ . The use of 
other aqueous alcoholic solvents resulted in formation of 
similar ethers and no traces of the anticipated carbinol 
could be realized. W h e n  the reaction was performed in 
refluxing methanol, only traces (9.6%) of methyl ether 105a 
were isolated; the other fractions could not be identified.
The use of Amberlite IR-120 (H+ f o r m ) 84 in 
anhydrous methanol with the complete exclusion of water gave 
an (1:4) mixture of the desired carbinol as well as its 
corresponding methyl ether 10 5 a . Only with the exclusion of 
alcohol solvents (THF-aqueous H C 1 ) could the desired 
macrocyclic carbinol 105d be prepared by this hydrolytic 
p r o c e s s .
C^OTHP
104 105a; R =CH 3  
105b; R=C H 2 CH 3  
105c; R=n-Pr
10 5 d ; R=H
In order to eliminate any unusual effects caused by the 
"crown ether bridge," other structurally similar models such 
as the THF derivatives of 2 ,6-diethoxy-3- (10 6 d ), 3- (165), 
and 2-hydroxymethylpyridine (166) , were prepared. Carbinol 
166 was prepared via the classic Boekelheide rearrangement of 
2 -picoline N-oxide ( 13 8 ) in refluxing acetic anhydride, 
followed by acidic h y d r o l y s i s . 85
W ith a catalytic amount of conc. HC1 and dihydropyran 
165 and 166 were not converted to THP derivatives; only with 
mild use of pyridinium p-toluenesulfonate (PPTS ) 8 6  and 
p-toluenesulfonic acid (p-TsOH) could 165 and 166 be 
transformed to corresponding THP derivatives. PPTS was found 
effective with 165 but not with 1 6 6 , thus £-TsOH was used for 
the latter.
p - l tO H
138 167 166 168
HgOH pPTS
12^
In order to prepare diethoxy THP derivative 1 0 3 , 
dichloride 102 was reacted with excess of NaOEt in the 
boiling toluene. The product was found to be a mixture of the 
2- and 3-monoethoxv derivatives 170 and 1 7 1 . Separation of 
was conducted by chromatography (ThLC). Although the same 
molecular ion of each compound was detected in mass spectrum, 
further characterization was unable because of their 
similarities in 1H NMR spectral patterns. The successful 
conversion was accomplished by treatment of 1 0 2  with sodium 
ethoxide in DMF at 90°C to give (72%) the desired 2,6-diether 
103 as characterized by NMR exhibiting two triplet at 








These THP ethers 1 0 3 , 16 8 , and 169 were refluxed with 
various alcohols with a catalytic amount of HC1; 168 and 169 
were hydrolyzed (100%) to corresponding alcohols 165 and 166; 
whereas, 103 gave an ether (106a- c ). W hen etherification of 
103 was accomplished in boiling methanol, TLC (silica gel) 
indicated several other components; however when conducted at 
25°C, a quantitative yield of 106a was obtained. Likewise 
reactions in the other alcoholic solvents at 25°C all gave 
the corresponding ethers, quantitatively. This was further 
shown to be true for macrocycle 1 0 4 ! All the alkoxy groups 
of corresponding ethers 106a-c were confirmed by their 
spectral data.




It was desirable to compare the above transformation 
with alcohol derivatives to exclude the possible 
participation of THP groups in the etherification reaction. 
Deprotection of 103 was thus carried out in the absence of 
alcoholic solvents. ^H NMR data of 106d showed a singlet at
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8  2.75 for alcohol proton. The resulting carbinols 105d and 
106d were treated with acidic alcohols at 25°C to give 
quantitative yields of the corresponding ethers, while 165 






1 06d 1 06a-c
H 2 O H H2OR
ROH
1 05d 105a-c
The rationale for this unusually facile etherification 
for 105a-c is that carbcnium ion 172 is stabilized by the two 
alkoxy groups attached to 2 - and 6 -positions, then was 
trapped by the alcoholic solvents.
jô iyr̂ OR * W^r^>R
172a 172b 172c
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In order to circumvent this unforeseen disadvantage of 
the THP protecting group, a methylthiomethyl ether (M T M ) 
derivative, which can be deprotected under non-acidic 
condition in aqueous THF, was considered as a possible 
alternate. Carbinol 101 was treated with M e 2 S0  (DMSO),, 
acetic anhydride, and acetic a c i d ; ® ^  however, the main 
product was found to be aldehyde 10 7 . The presence of 
aldehydic hydrogen was proven by 1h NMR showing a singlet 
at S 10.36. Further evaluation of this protecting group was 
not conducted beyond these preliminary studies. It was, 
however, deemed necessary to evaluate the use of a formyl 
group in subsequent reactions since the acidic hydrogen was 
also not present.
(B) 3 - Formyl-2,6 -Pyridino Crown Ether (109).
The preparation of 3-formyl-2,6 -pyridino crown ether 
(1 0 9 ) was envisioned as an alternative pyridino crown ether 
with an appropriate appendage due to versatile nature of the 
aldehyde group. Scheme 7 shows an outline of the synthetic 
route.
The aldehydic functionality of 2 ,6-dichloro-3-formyl- 
pyridine (107) was protected as an acetal because of a 
possible Cannizzaro reaction which may occur under the 
basic conditions used in the cyclization. Oxidation
DMSO,









8 0 * C
121 109
Scheme 7. Synthetic Routes to Formylpyridino Crown Ether 109.
of the carbinol to aldehyde 107 was conducted with either 
active manganese d i o x i d e 8 8  and CrC>3 *2 P y , ® 9  Reaction 
of 1 0 1  with freshly prepared active manganese dioxide gave an 
impossible gel, which plagued subsequent filtration. In 
contrast, however, reaction of 1 0 1  with Cr 0 3 *2 Py resulted 
in improved yields and a manageable work-up procedure.
CrOg 2 Py fP^CHO
C l ^ V S a  "OCM JRT '  C |^ X C|
M n 0 2 / @ / A
101 107
Conversion of aldehyde 107 to acetal 108 was carried out 
under very mild acidic condition by the use of N H 4 N O 3 , as
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catalyst.90 The 1H NMR data exhibited a triplet (S 1.24) 
and two quartets ( § 4 . 6 3  and 4.74) for two ethoxy groups and 
a singlet at S 5.64 for pyCH.
The cyclization of acetal 108 was performed in either 
boiling toluene or DMF at 50°C. In both cases, the mixture 
was mainly unchanged acetal and some open-chain compounds, 
with only traces of macrocycle 10 9 1 The expected macrocyclic 
acetal 174 was not obtained. The presence of aldehyde and 
pentaethylene glycol bridge was identified in the ^H NMR 
showing charateristic a - e-methylene multiplets in the region 
of 8 3.54-4.68 and a singlet at § 10.20 for an aldehydic
proton.





8 0 * C
109
The reason for the formation of 109 can be explained by a 
possible fragmentation of the acetal moiety.
130
174 109
Although the alternative way to 109 could be found by 
oxidation of macrocycle 104 with pyridinium chlorochromate 






I I . Syntheses of Crown Ethers Possessing Tripyridine U n i t .
The synthetic strategy to crown ethers with a 
tripyridine subunit was based on the formation, of the middle 
ring via the intermediary 1,5-diketone, incorporated into 
the macrocyclic framework. In the framework of 18-crown-6, 
the tripyridine unit has an enforced s y n ,syn-conformation 
because of relatively short end to end length of ethereal 
bridge. But the direct use of a preformed tripyridine will be 
almost impossible for use in ring closure reactions because 
of critical nature of the ethereal bridge to link the ends of 
the a n t i ,anti-conformation of tripyridine moiety; this 
approach is, however, possible for crown ethers with long 
ethereal bridges; such as: penta- or hexaethylene glycol.
This kind of relationship between ethereal chain length and 
conformation of dipyridine was previously confirmed by
theroretical c a l c u l a t i o n s .54
W
* t " LJr  tJ
Scheme 8 . A General Retrosynthetic Analysis for 
Tripyridino 18-Crown-6.
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A general retrosynthetic analysis for an 18-crown-6 
(" C " ) containing a tripyridine unit is shown in Scheme 8 . The 
functional group interconversion of middle ring of the 
tripyridine moiety leads to 1 ,5-diketonic macrocycle ("B " ). 
And "B" can be disconnected at the ethereal linkages. Thus, 
"B" leads to 114 and an alkylating agent, "C". In 1 1 4 , the 
methyl groups can be readily converted to carbinol via a 
Boekelheide rearrangement after the protection of carbonyl 
groups as ketals and combine with "C" via Williamson ether 
synthesis. The subsequent disconnection of three methylenes 
of 1 1 4 , leads to dihalopropane and synthetic equivalent acyl 
anion, which can be provided from lithiation of the 1,3- 
dithiane derivative of 6 -methyl- 2 -formylpyridine ( 1 1 0 ). 
Schemes 9-12 show the reaction schemes corresponding to: 1) 
the preparation of 114 and "A"; 2) the functionalization of 
1 1 4 ; and 3) cyclization with "A" to form ketonic macrocycle 
"B" and subsequent conversion of "B" to tripyridino- 
18-crown-6 "C".
TiOH ,HS< CH2I3SH 
Toluene, ]2hr B rlC H jIjB r,
-35*C
HgO, H»CI2, 
‘CH3 $0%CHjOH, thf (CH2)3
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Scheme 10. Reaction Routes for the Preparation of "A".
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Scheme 12. Cyclization Reaction Leading to Tripyridino 
18-Crown-6.
- In summary, (Schemes 9-12), first of all 6-methyl-2- 
formylpyridine ( 1 1 0 ), the key starting material, is 
converted to an 1 ,3-dithiane derivative 11 1 , which is 
lithiated with n-buLi, and followed by alkylation with
1 ,3-dibromopropane. The cleavage of dithiane to ketone is 
followed by ketalization to give ketal 116 which is 
subsequently functionalized to carbinol 119 via the 
Boekelheide rearrangement. Diol 119 is cyclized with "A" via 
Williamson ether synthesis and deprotection of resulting 
1:1-ketal macrocycle gives macrocycle " B " . And finally "B" is 
converted to tripyridino-18-crown-6.
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In order to prepare 1,3-dithiane 1 1 1 , 110 was treated 
with 1,3-propanedithiol92 in the presence of p-toluene- 
sulfonic acid in boiling toluene; the water was removed via a 
Dean-Stark water separator. The amount of the organic acid 
was critical. Thus when a catalytic amount was used, mostly 
unwanted by-products were obtained. However, nearly 
quantitative yields were obtained when 1 % of organic acid was 
used in relation to 100 mL of toluene. To evaluate the acid 
source, hydrogen chloride g a s 9^ w a s bubbled through the 
chloroform solution of aldehyde 1 1 0  until saturation; 
however, the desired dithiane 1 1 1  was obtained in only ca.
20% yield. The H NMR spectral data confirmed the presence 
of dithiane by a multiplet at 8  2.55 for 5-methylene 
protons, a multiplet at 8  3.02 for 4,6-methylenes, and a 
singlet at 8  5.30 for a methine proton.
J Q I _
C H i ^ w ^ C H O  HS(CH2 )3 SH, C h *  ™ Nu 
to luene, reflux d  “
110 111
Dithiane 111 was lithiated easily by one equivalent of 
n-buLi; the enhanced acidity was attributed to the adjacent 
electron deficient heteroaromatic nucleus. Monitoring the 
lithiation was performed by NMR analysis of small 
aliquots which were quenched with D 2 O 9 4  after 30 min.
The absence of methine proton signal of at § 5 . 3 2  was
136
indicative of complete lithiation.
111 174
Thus, the resultant stabilized anion was treated with
1,3-dibromopropane at -45°C. The temperature was maintained 
<-35°C to avoid the possible by-product formation, e.g. 
olefin 175 at temperature >-35°C; however neither 175 nor the 
sulfonium salt 176 were detected. Products similar to 175 and 
176 have been previously r e p o r t e d . 95 1h NMR spectrum of 
1 1 2  indicated the absence of a singlet of methine proton 
( 8  5.32) and the presence of three (1:2 ratio) methylenes 
providing a multiplet at 8  1.27 and a triplet at 8  2.26 for 
the connecting methylene unit.
CH 2Br(CH2>3Br* CH,'
-  4 5 * C , 2 4 h r
I. BuLi.THF
1 1 1 1 1 2
175 176
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The next step was the hydrolysis of the bis-dithiane 112 
to diketone 1 1 4 . Several methods of oxidative cleavage 
utilizing CuCl 2 - C u O , 9 3  , (NH4 )2 Ce(N0 3 ) 6 , 9 6  T l ( O A c ) 3 , 9 7  
B F 3 •E t 2 0 , 9® and H g C l 2 - HgO,92 were employed. With the 
first three reagents, only gummy polymeric substances were 
obtained. Whereas, the Hg 0 -BF 3 *Et2 0  procedure gave a low 
(28%) but yet real yield of diketone 11 4 . In case of 
H g O -HgCl2 , the yield was found to be dependent upon the 
ratio of HgO to H g C l 2 . When the conventional ratio 
(HgO:HgCl2= 1:4) was used, only polymeric substance were 
realized. However when an 1:1-ratio was used in 90% aqueous 
methanol, the monoketal 177 and diketal 113 were obtained.
The 1H NMR spectrum of 177 was characterized by a multiplet 
at § 1.40 for C H 2 C H 2 C H 2 , a triplet at 8  2.28 for methylene 
adjacent to acetal, and a spike at 8  3.21 for methoxy ketal. 
And the 1H NMR of 113 was simpler due to symmetry as shown 
by a multiplet at 8  0.61 for C H 2 C H 2 C H 2 , a triplet at 8 1.96




1 1 2 (0 * 3 )2 (0 0 ^ 2  4 
113
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The hydrolysis mechanism with Hg2 + salt has been 
p r o p o s e d ^  and is shown below:
The function of HgO is the neutralization of H C 1 , generated 
during the cleavage process, and regeneration of H g C l 2 - The 
rationale for the formation of monoketal 177 and diketal 113 
may be explained by impurities on the HgO surface that 
prevents the neutralization of the HC1, which is needed to 
catalyze the k e t a l i z a t i o n . In order to prevent the 
decomposition of HgO by light, the flask was wrapped with 
aluminum foil. To avoid any other obvious complications, the 
products were hydrolyzed directly to the corresponding 
diketone 114 in the acidic, aqueous THF solution. The ^H 
NMR spectral data exhibited the presence of 1 ,5-diketone by a 
quintet at 8  2.17 and a triplet at § 3 . 3 6 .  IR spectrum showed 
a peak at 1680 c m “ 1 for C=0 stretching.





Diketone 114 was converted to 116 by ketalization with 
ethylene glycol under acidic conditions. Although direct
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ketalization in ethylene glycol during the oxidative reaction 
was k n o w n , 99 direct ketalization (112— »116 ) was never 
tried because of low solubility of 1 1 2  as well as the 
difficulties associated with product purification. The 
presence of ketals (116) were identified by the ^H NMR 
spectrum which showed two multiplets at 8  3.81 and 4.01 for






Dimethyltripyridine (115) formation was attempted 
directly from both bis-ketal 113 and diketone 1 1 4 . Although 
1,5-diketal was known to give pyridine, direct conversion, in 
my hands, was unsuccessful. However when diketone 114 was 
treated with N H 2 0 H * H C 1  in boiling acetic acid, 115 was 
obtained (56%). As an alternative method, N H 4 OAC could be 
utilized but because of the possibility of dihydropyridine 
intermediates, this reagent was not utilized. The ^H NMR 
spectrum of 115 showed a singlet at 8  2.64 for pyridyl methyl 
group, a doublet of doublet at 8  7.91 for 4'-pyH, and a 
doublet at g 8.46 for 3'.& 5'-pyH; thus demonstrating the 
generation of the central ring.
AcOH, 24hr’
114 115
In order to introduce a hydroxyl group at each terminal 
methyl, ketal 116 was transformed smoothly to the bis-N-oxide 
117 by treatment with m-chloroperbenzoic acid (mcpba) in dry 
DCM with total exclusion of moisture. Although there was a 
possibility for cleavage of the ketal groups by the peracid 
under anhydrous condition, no ketonic products were detected. 
The direct treatment of diketone 114 with peracids could be 
detrimental because of the obvious possibility of Baeyer 
Villiger oxidation and uncertain role of ketone in the 
subsequent Boekelheide rearrangement. 1H NMR data of 1 17 
showed the presence of the intact ketal groups and pyridine 
N-oxide by the triplet at § 7.16 for 4-pyH, doublets at 8  
7.25 and and 7.45 for 3- and 4-pyH, respectively.





The bis-N-oxide 117 was converted to diacetate 118 via 
the Boekelheide rearrangements 1 upon treatment of 117 
with boiling acetic anhydride in 20 min. Also in this case, 
care was taken to conduct the experiment in strictly 
anhydrous conditions, since the cleavage by aqueous acetic 
acid is a likely possibility. The presence of intact ketal 
and acetate was identified by its 1H NMR spectrum which 
showed a singlet at S 2.16 for the acetate group and 




Treatment of diacetate 118 with K 2 CO 3  in 90% ethanol 
gave the expected diol 119 by transesterification. The water 
content (0 - 1 0 %) in ethanol had no influence in this 
transesterification reaction. 1H NMR data indicated the 
presence of singlets at 8  4.47 for OH and g 4.74 for the 
pyridyl methylene.
A cO C H f N
Diol 119 was treated initially with NaH then an 
appropriate bridge unit to generate the macrocyclic systems. 
Treatment of 119 with b i s (chlo r o m e t h y l )pyridine (12 4 ) in THF 
gave the desired 1:1-macrocycle 1 2 6 . The intact of ketal 
groups was confirmed by its ^H NMR spectrum which showed 
multiplets for the ketal protons at 8  3.85 and 4.02 and the 
bridge was proven by two singlets at g  4.63 and 4.65 for





Macrocycle 126 was hydrolyzed (85%) by treatment with
confirmed (1H NMR) by a quintet at S 2.08 and a triplet at 
§ 3 . 2 1  for COCIi2 C H 2 C H 2 CO moiety as well as the ketone 
absorption (IR) at 1689 cm- 1 .
The corresponding 18-crown-6 macrocycle, 18<02(2,6- 
p y ridino) 4 - 1 3 *0 2 * 1~ c o r o n a n d - 6 > (1 2 8 ) was prepared by 
treatment of 127 with N H 2 0 H*HC 1  in boiling acetic acid. 
Purification (ThLC) on a alumina column eluting with 
chloroform afforded (32%) pure macrocycle 128, as a 
trihydrate. The conformation of tripyridine moiety was 
determined as s y n , syn because of multiplets at 8  7.90 for 
3-pyH in 1H NMR. The a n t i , anti conformation usually shows 
large downfield shift ( A S  0.5) for 3-pyH due to anisotropic 
effect of pyridine ring.






The X-ray crystal analysis of 128 was performed by Dr. 
Fronczek (LSU). The crystal of macrocycle 128 sufficient for 
its X-ray analysis was obtained from ethyl acetate. Crystal 
data are: C24H2()N40 2* 3 H 2 ^f FW=450.5, monoclinic 
space group P 2 1 /n, a =16.416(5), b = 15.963(8), c = 2 6 .508(8)A, 
>5=99.60(3) 0 , Z = 12 , d c= 1 .311 g / c m 3 ,M ( M o K a ) =0.87 cm - 1  
R=0.098 for 2780 observed data.
Macrocycle 128 trihydrate has a linear macrocycle-water 
copolymeric structure. The approximate symmetry of 
macrocyclic molecules is C s , and 3 of them, unrelated by 
symmetry, exist in the crystal lattice. Figure 4 shows only 
one of the three, but the other two are similar. The 
interesting feature is that the central less basic pyridine 
of tripyridine moiety is orthogonally hydrogen bonded to two 
distinct water molecules with an O-N-O bond angle of 85.2°.
And the third water molecule is merely bridging these two 
water molecules. This kind of mu-N-bonding in pyridine- 
( water ) 2  has only one precedent example, i.e. the dimeric 
deprotonated zinc complex- Zn(dapp ) 2  with the Zn-N-Zn angle 
of ca. 89°. The molecular orbital calculations 1 0 ( 1  
utilizing CNDO/2, STO-3G, and 3-21G have been performed on 
the hydrogen bonding of pyri d i n e - ( w a t e r ) 2  trimer, the 
results showed that an angle of _ca.80° for m u - b o n d i n g , which 
is comparable to that of the X-ray data result, is 
energetically more favorable. The central pyridine ring has a 





Figure 4. X-ray Structure of (a) macrocycle 128 and (b) macro- 
cycle _1_28_» trihydrate.
Associated with the macrocycle 127 was the related 1 3 1 , 
which was readily prepared by treatment of diol 119 in 
anhydrous THF with NaH and diethylene glycol ditosylate 
(1 2 5 ). In this case, the 1:1-macrocycle 129 was obtained 
(62%). The presence of pyridyl methylene and diethylene 
glycol bridge was demonstrated (1H NMR) by a singlet at 
8  4.59 for pyCH 2  and only one singlet at 8  3.73 for




Ketal 129 was hydrolysed (95%) in acidic aqueous THF to 
give 130, which relieved a part of the steric hindrance of 
ketals. The NMR spectrum of 130 showed the absence of 
ketal peaks at § 3 . 7 9  and 4.01; and the appearance of a new 
absorption (IR) at 1689 cm - 1  for ketone groups.
h 3 o
130129 ____
Finally, macrocycle 18 <C>3 ( 2 ,6 -pyridino) 3 - 2 2  • 1 • ~
O 2 * 1 -coronand- 6 > 131 was prepared by contractive ring- 
closure of the 130 by the previously described procedures. 
The structure of 131 was established by its 1H NMR spectrum 
which showed a doublet at 5  7.71 for 5-pyH and the multiplet 
at S 7.71-7.97 for 3 & 4-pyH. From the diminished 
anisotropic effect on 3-pyH, the s y n ,syn-conformation of 131 
was determined.
NH2OHHCI,
AcOH, 2 4 h r  
reflux
130 131
The X-ray crystal structure of macrocycle 131 dihydrate
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is shown in Figure 5. The crystal data are: orthorhombic 
space group Pbc2-|, a = 12.820(2), b = 11.514(2), 
c=134.475(7)A°, Z=4, d c=1 .334 g c m “ 3 , p=o.044.
The symmetry (or lack) in 131 should be noted here, also, 
that the tripyridine portion of the molecule conforms fairly 
well to the C s symmetry, but the conformation of polyether 
negates this symmetry element. In 131 (unlike that of 128 
trihydrate), the proton atom positions of the H 2 O molecules 
were determined directly in the X-ray data, so the H-bonding 
is known with confidence. Two water molecules are placed on 
the opposite sides of the macrocycle plane. One water 
molecule, denoted as water 1 is H-bonding with the central
tripyridine ring (N H distance, 2.08 A; 0 N distance,
2.993 A; O-H N angle, 171°) and the central oxygen atom
of the crown ether bridge ( 0  H distance, 2.19 A; 0 --- 0
distance 3.012 A; O - H  0 angle, 148°). The second water
molecule denoted as w a t e r 2 , forms H-bonds with two nitrogen
of terminal tripyridine rings (N-| H distance, 2.33 A;
N 3  H distance, 2.20 A; O  N-| distance, 2.966 A;
O  N 3  distance, 3.052 A; O-H N-| angle, 120°;
O- H  N 3 angle, 169°). In this case, also the central
pyridine ring has N-C-C-N dihedral angles of 21.4 and 33.4° 
with adjacent pyridine rings.
14?
Figure 5. X-ray Crystal Structure of Macrocycle _1 





The above methodology has been successfully applied to 
the generation of tripyridine macrocycles. Incorporation of 
the dipyridine subunit has favorable connotations, e.g. the 
21-crown-7 series, however difficulities lie in the 
preparation of a macrocycle with short bridge chain lengths. 
The approach via 1,5-diketone will eliminate this problem 
because of relatively flexible end-to-end length of the 
1 ,5-ketone unit.
Diol 119 was treated with NaH and b i s (chloromethyl)di- 
p y r i d i n e 7 8  in THF gave (42%) the 1:1-macrocycle 1 3 2 , as 
demonstrated by its ^H NMR. This macrocycle possesses the 
_syn-con format ion of dipyridine moiety as shown by the doublet 
at S 8.02 for H 3 .
Deprotection of 132 was accomplished (75%) in aqueous 
acidic THF to give 1 3 3 . The 1H NMR spectral data for 133 
showed a doublet at 8  8.12 for 3-pyFI. This small down field 
shift change (A 8 = 0 . 1 ) from the value of its precursor 
indicates again the syn-conformation of dipyridine moiety. If 
it were in the anti-c o n f o r m a t i o n , a large downfield shift of 










Finally, 134 with both the tripyridino and dipyridino 
moieties was prepared from the diketone 133 in a manner as 
described above. The NMR spectrum of 134 showed two 
singlets at § 4 . 8 5  and 4.91 for bridging methylenes and 
multiplets in the range 8  7.67 to 7.80 for 3,5-pyH 
indicative of the syn and s y n ,syn conformations for the 
dipyridine and tripyridine subunits, respectively.
n h 2 o h h c i









Figure $ . Three modes of disconnection of 1 5 7 .
There are three possible retrosynthetic analyses in the 
construction of the macrocycle back bone of 157 with respect 
to its C 2  symmetry (Figure 6  ): (a) is to disconnect ring 
A; (b) is the disconnection of the ether linkage; and (c) 
is the disconnection of the two B-rings.
The first approach leads to dialdehyde 153 ; therefore,
153 can be prepared from either 142 or 145, independently.
The second retrosynthetic analysis shows the 
disconnection of ether linkage (Scheme 14). The disconnection 
of the ether bridge in .157 leads to 6 -hydroxymethyl- 6 '-formyl 
2,2-dipyridine (17 8 ). The alcohol functionality of 178 must 
be protected in order to generate acyl anion equivalent. 
Functional group interchange of 178 leads to b i s (hydroxy- 












Scheme 13. Retrosynthetic Analysis According to Synthetic 
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Scheme 15. Retrosynthetic analysis according to synthetic 
plan (c) .
In the retrosynthetic Scheme 15, disconnection of the B- 
rings leads to fragments 179 and 180. The Krflhnke pyridine 
synthesis of 181 and 182 will form the two B rings at the 
same time. Thus, the a ,3 -unsa tu ra ted  ketones can be 
introduced conveniently into either 179 or 180. Perhaps the 
functionalization of 179 will be a more reasonably approach 
because of the relative length between the two terminal vinyl 
groups will better match the acalkylium derivative 182.
181 N H 4 0Ac
157
182
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Scheme 17. Synthetic Routes According to Retrosynthetic 
Analysis Scheme 14.
Z.BuU.CHjI £ CHj
t » r \  % * /■'i— 1 w3.H^5,HgCl2 186
1. Ac20
2. EtOH 










Scheme 18. Synthetic Routes According to Retrosynthetic 
Analysis Scheme 15.
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c o n t i n u e d  Scheme 18 .






Among three possible reaction Schemes (16- 18)/ only 
Scheme 16 was investigated. As a starting material,
6 ,6 '-dimethyl- 2 ,21-dipyridine (13 7 ) was prepared by two 
alternative coupling reactions using by Pd/C catalyst. In the 
first method 6-bromo-2-picoline (1 3 6 ), prepared by Craig's 
m e t h o d ’76 from 6-amino-2-picoline (135) , was coupled by 
Pd/C in the presence of phase catalyst and sodium formate, as 
a hydrogen source. Although this coupling has the 
disadvantage of using relatively large heavy, (mol. wt.) 
6 -bromo- 2 -picoline (136) and the subsequent loss of the 
bromine atoms during coupling; however, this procedure was 
found to be totally reproducible. Sometimes perhaps the 
presence of bromine in 136 seemed to poison the Pd/C catalyst 
but this could be easily overcome by use of additional 
catalyst and sodium formate.
156
135 136 137
By an alternative method, 137 was prepared by the 
coupling of 2-picoline N-oxide (138) and 2-picoline (1 3 9 ) by 
a known p r o c e d u r e . A l t h o u g h  a 76% yield for this
reaction was reported, it was found to be unreliable. Maybe 
there were several reasons for this unreliability such as the 
Pd/C catalysts and impurities in the reagents which could 
also poison the Pd surface. Thus, each of the reagents were 
freshly prepared; 2-picoline (139) and 2-picoline N-oxide 
(13 8 ) were distilled prior to use, and the Pd/C catalyst was 
synthesized from K 2 PdC l 4 and acid washed, flame activated 
Norit A charcoal. The maximum yield of 137 obtained was only 
50% and this value was totally unpredictable.
The starting material 137 was converted to the 
bis-N-oxide by treatment with 30% H 2 O 2 in glacial acetic 
acid. The resultant N-oxide was transformed to the 
corresponding via Boekelheide rearrangement. After 
purification, the diacetate was converted to the desired 




under basic condition. The resulting diol 142 was 
recrystallized first in water and again in xylene in order to 
obtain a high purity sample, which was previously deemed 
essential to insure a high yield of the subsequent reaction 
with n-buLi.
In an alternative method, Holm et al7^ reported the 
synthesis of b i s formylpyridine 158 from dibromodipyridine 
191 upon treatment with 3.2 equiv. of n-biLi in THF at -90°C 
via the dilithio intermediate, which upon addition of DMF 
gave (48%) the desired dialdehyde 1 5 8 . When this 
bi s formyldipyridine was reduced with N aBH 4 , diol 142 was 
obtained in excellent yield (95%) and purity. But this method 
was not utilized further because of its cumbersome reactions 
and inappropriateness for large scale preparation.
( I ) n-  B u L i  / - 9 Q ° C
B ^ N ^ B r  <' >>Cu CI2 / 0 2  B r ^ N ^ - '̂ V ^ B r  ( i i )  D M F / e , h e r  ^
( l i i )  H2 0
j g u d lOHC N CHO MaOH HOHgC N N CHgOH
158 142
In an attempt to prepare mono-methoxyethoxymethyl(MEM) 
d e r i v a t i v e 1® 1 , when 1 equiv. of n-buLi was added to a 
THF solution of 142 at -45°C, the white mono-lithium salt 
precipitated. Thus this low solubility of this of 
mono-lithium alkoxide intermediate could be conveniently 
utilized in the mono-functionalization of 142. Thus,
158
1 equiv. of MEMC1 was added to this slurry of mono-alkoxide 
to generate the mono-MEM derivative 192. The presence of MEM 
(C H 3 O C H 2 CH 2 OCH 2 - ) group in 192 was confirmed by its
terminal methyl and a multiplet a t S  3.64 for the O C H 2 CH 2 O 
group, the mass spectrum exhibited the molecular ion m/e 304. 
The same reaction was repeated with NaH instead of n-buLi but 
192 could not be isolated. Thus, the reaction of 142 at the 
-45°C with 1 equiv. of n-buLi gave exclusively the desired 
monofunctionalized diol 192. The mono-MEM derivative 192 was 
converted to mesylate derivative 193 upon treatment with 
n-buLi and methanesulfonyl chloride (mesyl chloride) at -45°C 
in THF. This ester 193 could give entry to the ether 1 9 4 , as 
shown in the following reactions.
^H NMR spectrum which exhibited a singlet at 8  3.40 for the
H H
2  MEMCI







However, the protection and deprotection could prove to 
be a tedious procedure. Thus no further pursuit of this route 
was conducted, instead direct mono-functionalization was 
performed. The monolithio salt of 142 at -45°C was treated 
with mesylchloride; the mixture was found to give several 
compounds. The anticipated monomesylate 150 was not detected; 
instead small amounts of the monochloride 149 was isolated.
In this mesylation reaction this kind replacement is not 
uncommon, in that formation of chloride could be explained by 
the replacement of mesylate by chloride ion.
The identification of 149 was supported by its NMR 
spectrum showing two different methylene protons at £ 4.74 
and 4.81 for C H 2 CI and C H 2 O H , respectively. Quenching at 
<0°C would prevent this kind of substitution by chloride ion; 
thus when quenched at - 2 0 °C, the mono-mesylated 150 was 
isolated in almost quantitative yield.
Whe n  the recrystallization of crude monomesylate 150
t.n-BuU 




was performed in aqueous ethanol, the resultant needle shaped 
crystals showed a 30° difference from the crude mono-mesylate. 
The ^H NMR spectrum showed a spike at S 3.08 for two 
identical (mesyl)methyls and only one singlet for the 
d i p y - C H 2 at 8  5.41. From this evidence, this product was 
identified as dimesylate 151. Further support for this 
assignment was the molecular ion in its mass spectrum. After 
evaporation of mother liquor, 6 ,6 '- b i s (hydroxymethyl)- 
2 ,2 '-dipyridine (14 2 ) was extracted with dichloromethane.
In conclusion, these data suggest that the disproportion- 
ation reaction of mono-mesylate 150 occurred in the aqueous 
ethanol solution, and if 150 was kept for extended time, it 
gradually decomposed into diol 142 and dimesylate 151 upon 
its exposure to traces of moisture.
This crude mono-mesylate 150 was used directly in the 
preparation of 152 by the monolithiation at -45°C for at 
least two days, thereafter, the temperature was allowed to 
rise gradually to 25°C. The product precipitated due to its 




two distinct methylene peaks at $ 4.66 and 4.86 supportive 
of structure 152.
In order to convert diol 152 to the desired bis-aldehyde
H N 0 3 , 1 0 3  SeC>2 , 1 0 4  C r 0 3 *2py/HMPA , 1 0 5  DMSO/AC 2 O , 1 0 6  
were all utilized. The Jones oxidation and HN 0 3  were 
unsuccessful, whereas Se 0 2  gave, along with unchanged 
starting material the unexpected 6 ,6 '- b i s (f o r m y l )-2 ,2 '- 
dipyridine 1 5 8 , which was identified by its 1H NMR spectrum 
showing a spike at § 10.19 for aldehyde and comparison to a 
known sample.
The oxidation 152 with DMSO/AC 2 O was performed in the 
presence acetic acid to afford the desired bis-aldehyde 153;
-  45°C-*20*C
152
various oxidation methods were attempted. Jones r e a g e n t , 102
AcOH,
152
however, mostly starting material was recovered. The 1H NMR
162
of 153 showed spikes at S 4.94 and 10.18 for C H 2 O and CHO 
groups, respectively. With exclusion of acetic acid, the 1H 
NMR spectrum of the product(s) was shown to be comprised of 
mainly the desired aldehyde. However in both cases the 
bis-aldehyde could not be readily isolated from the starting 
material. The CrC> 3 2 p y /HMPA1°5 oxidation gave 
predominantly the bi s -aldehyde, however during work-up 
bis-aldehyde was unfortunately discarded with HMPA in the DCM 





As an alternative method of DMSO / A C 2 O o x i d a t i o n , 1 
a Swern o x i dation 1 ^ 7  was performed at -30°C; the only 
real problem was the poor solubility of 15 2 . This was 
circumvented by adding excess of DMSO. When the DMSO was 
added to the oxalyl chloride, C O 2  and CO were evolved. The 
reaction mechanism is shown below:
0 0  + 0 0  -C0 2
M e 2 S0 + C 1 C C C 1  »  [Me2 S0t!£ci] Cl" --------- a*
+ R C H 2 OH + base
[Me2 SCl]Cl“ --------»  [RCH 2 OSMe2 ] Cl“ -------- >
—HC1
RCHO + M e 2S
163
As shown in the retrosynthetic Scheme 1 3 , an alternative 
route to dimethyl 147 is shown in Scheme 19.
Scheme 19. Alternative Synthetic Route. — —
The classical Williamson ether synthesis of 146 and 145 
gave an almost quantitative yield of 1 4 7 , which had very poor 
solubility in most solvents, analogous to its diol. Similar 
to the diol, 147 was subjected to SeC> 2 oxidation in various 
solvent systems, such as: pyridine, dioxane, 90% aqueous 
d i o x a n e , 1 0 8  t o l u e n e , 109 and acetic a c i d . 1 1 8  Except for 
acetic acid, no oxidation occurred irrespective of solvent 
used. In case of SeC>2 oxidaton in acetic acid, an aldehyde 
was obtained, however 1H NMR showed the absence of the 
singlet for the a-methylene and _an intact m e t h y l . From this 





further support for 148 in view of m/e 198 corresponding to 
its molecular ion.
Usually ether linkages are inert toward SeC>2 oxidation.
However, in this experiment aldehyde formation indicated that 
the methylene group flanked by a pyridine unit and ether 
oxygen is highly activated toward [SeC>2 ] oxidation. In 
order to prove that this kind of oxidation is not unusual in 
pyridine chemistry some other model compounds with pyridine 
methyl ether linkage would be necessary; further studies were 
not conducted.
The Swern oxidation of diol 152 was eventually deemed 
the method of choice for the preparation of 153 because this 
oxidation gave only the desired aldehyde with minimal 
contamination of by-products. Aldehyde 153 was converted to 
the b i s (1,3-dithiane) derivative 154 using 1 ,3 -propanedithiol 
and p - T s O H f as an acidic catalyst. ^H NMR spectral data 
support the presence of the 1 ,3-dithiane groups by the 
multiplet at § 2.05 for 5-methylene, the multiplet at 8  3.05 








Naturally, the next step was cyclization of the 
b i s (1 ,3-dithiane) 154 with bis-alkylating agents. Method­
ologically, there are two inodes of cyclization. Firstly 
unsymmetrical dihalides, such as: 3-bromo(or iodo)-1-propyl- 
chloride; the low reactivity of open-chain chloro analogs at 
low temperature prevent further alkylation at low 
temperature. Finch and G e m e n d e n ^ 1 successfully 
utilized this method in the synthesis of metacyclophane 1 9 6 . 
Initially they tried unsuccessfully the one-step insertion of 
a three-carbon bridge with a variety of 1 ,3-dihalopropanes. 
Finally, utilizing a stepwise cyclization procedure, they 
prepared 3-chloropropyldithiane and subsequently the crude 
monoalkylated intermediate with lithium diisopropylamide 






In 1968, Seebach et_ al^.92 compared stepwise 
cyclization procedures using 1 equiv. of GU-chloroalkyl- 
iodides and 2-3 equiv. of a  ,o>-dichloroalkanes. The use of 
O^bromo analogues of the Cd-chloroalkyldithiane was plagued 
with the formation of sulfonium bromide. In this study they 
could cyclize the b i s (dithiane) with both methods. The 
procedure, involving a  ,Ct>-dichloroalkane, possesses an 
advantage, since sym-dihalides are more available than 
unsym-dihalides.
l . n - B u U ,  n-BuLi
2  , t  t (65%)C K C H 2 >3 l  ^  ^
1 97  1 9 8  1 99
The other example of stepwise cyclization can be seen in 
the synthesis of cyclo b u t a n o n e . In this stepwise reaction 
Seebach reported the reactivity of the monochloro 
intermediate with n-buLi at various temperature. As would be 
expected, the intermediate showed very low reactivity below 
-52°C. At -30°C, the chloride was converted (84%) to 
202.92, 112
/ A  .  / - V \  < 0 °
\ - S  Cl(CH2)3Br N - s ' n /  HgCI2  % /  
e .n -B u L f
200 201 202
Monoalkylation of bis_( 1 ,3-dithiane) 154 was performed 
with Cl(CH 2 )3 Br, prepared by the bromination of 
3-chloro-1-propanol with P B r 3 » The monoalkylated 203 was 
isolated. In 1H NMR spectrum a typical -C H 2 C H 2 CH 2 CI 
pattern was observed.
In order to increase the yields several attempts have 
been tried but yields were low and even when excess n-buLi 
was used, the dialkylated compound 204 as well as the mon o ­
alkylated compound 203 were isolated.
In order to eliminate the difficulties involved in the 
monitoring monolithiation, a direct one-step procedure was 
pursued. In this case, the monitoring of lithiation was 
performed with D 2 O; complete lithiation became possible by 
adding excess of n - b u L i ,■followed by excess of dibromide.
2.CHCH2)3Br,




Thus, lithiation was achieved in 30 min at -45°C in anhydrous 
THF by adding slightly excess of n-buLi, the 1 ,3-dibromo- 
propane was added and the reaction temperature was kept 
between -45 and -30°C for 3 days! The  ̂H NMR spectrum of 
the crude product showed the absence of methine proton 
( § 5.45). Without separation and full characterization of 
155 the crude mixture was subjected to oxidative cleavage of 
dithiane groups with N-bromosuccinimide (N B S ). The presence 
of 1,5-diketone macrocycle 156 could be identified by 
spectroscopic methods. The 1H NMR data showed the presence 
of a quintet at § 2 . 2 3  for CH 2 C H 2 C H 2  and a triplet at 
8 3.45 for C H 2 CH 2 C H 2 . The mass spectrum showed anticipated 
m/e 450 for the molecular ion of 1:1-macrocycle 15 6 . However 
the downfield chemical shift ( 8 8.50) in 1H NMR is due to 
the anisotropic effect of pyridine ring but the exact 
conformation could not be determined.
I. BuLi ,T H F
0
2 .  Br(CH2)3Br 
- 4 5 * C , 7 2  hr
155
154
N B S ,
THF-Hjrf)-M*OH 
I hr
-  0 «*2>3
156
169
W hen the crude macrocycle was washed with ether in the 
hope of washing out of slightly brown colored impurities, the 
whole mass suddenly turned into a gummy substance. In spite 
of several attempt, the separation of the 1 :1-macrocycle 
diketone 156 in a pure state was unsuccessful.
To construct the A-ring, the crude macrocycle 156 was 
treated with N H 20H*HC1 in refluxing acetic acid to give 
the desired pentapyridine crown ether 157. The NMR for 
157 showed the absence of 1,5-diketone bridge and presence of
protons of the pentapyridine moiety of 1 5 7 ; in that there are
now three different types of pyridine rings as shown by the 
chemical shift and triplet patterns of the 4-pyridine
hydrogens: S 7.77, 7.81, and 7.84.
IV. Hexapyridine (Sexipyridine) 363_
The retrosynthetic analysis was a straightforward 
disconnection of two opposite pyridine rings which leads to 
two 6 ,6-formyl(or a c e t y l )-2,2'- d i p y r i d i n e s , according to 
reaction routes using 1,5-diketone intermediates and the
156 157
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Krfihnke pyridine synthesis. Similar to the previous 
macrocycle synthesis, the 1,5-diketone approach was employed 
in this preparation of cyclic h e x a p yridine. The overall 
procedure to 163 is shown in Scheme 20.
The 6 , 6 1- bisfo r m y l - 2 ,21-dipyridine 158 was prepared from 
SeC>2 oxidation of 1 3 7 . This would eliminate the cumbersome 
long series of procedures and would be suitable for large 
scale reaction. Furthermore, the presence of impurities did 
not impose any problems because after the reaction 
bisdithiane 159 could be easily purified.
The 1 ,3-dithiane 159 was prepared by the treatment of 
158 with 1 ,3-propanedithiol in the presence of p-TsOH. The 
crude reaction product was purified and the resultant 159 was 
characterized (1H NMR) by the spike at § 5 . 4 3  and the 
multiplets at 8  2.16 and 3.07 for 5- and 4 & 6-methylenes, 
respectively.
S e O g ,
c h ^ n ^ W ' ^ c h 3
137
AcOH,






For the macrocyclization of 159 with 1 ,3-dibromopropane, 
159 was lithiated with n-buLi. Lithiation was monitored with 
D 2 O quenching and analysis of NMR. The purple dilithio 
derivative was cyclized with 1 ,3-dibromopropane at -45°C. 
Several time variations (24-96 hrs) have been attempted. When 
the reaction was kept at -45°C over 24 hrs, the elimination 
product 160 was isolated along with unchanged starting 
material 159.
This macrocyclization proceeded best at -30 to -40°C 
over extended time, e.g. 3 days. In this procedure the 
1:1-cyclization product is impossible to form because of 
short three-carbon bridge between the two active sites on the 
b i s (1 ,3-dithiane) 159. After cyclization, the presence of 
tell-tale methine proton on the bis-dithiane 159 could not be 
detected (1h NMR) in the product mixture. Without the 
characterization of the cyclization products, cleavage of 
dithiane groups with NBS was accomplished. Chromatography of 
mixture gave the desired 2 : 2  tetraketone JJL2.. The presence of
2. Br(CH2)3Brt 
- 45 °C, 24 hr
159 160
172
1,5-diketonic bridge was confirmed by its ^H NMR spectrum 
which showed a typical quintet at S 2.35 and a triplet at 
8 3.38 for COCH 2 C H 2 C H 2 CO bridge. The molecular ion
(m/e 504) was obtained to confirm the cyclic nature of the 
product. The IR showed the absorption at 1688 cm- 1 (C=0).
1. BuL|f THF
2. Br(CH2>3Br, 
- 45°C, 7 2 hr
THF-H20-M 60H,
3 0 m in
162
The macrocyclic tetraketone 162 was treated with 
N H 2 O H •HC1 in refluxing acetic acid for 24 hrs in order to 
construct the needed two pyridine rings. The desired 
hexapyridine is obtained (4%) and characterized by its 
spectral properties. The NMR spectrum of 163 showed a 
typical A B 2 pattern which is a first order coupled triplet 
and doublet at 8  7.81 and 8.13, respectively (Figure 7 ).
Proton noise decoupled NMR showed only three peaks at
156.62, 137.76, and 121.96 ppm corresponding to 2,6-C, 4-C, 
and 3,5-C, respectively. From the NMR spectrum, as a CPK 
molecular model suggests, the conformation of pyridine rings 
was determined as syn-conformation (8 8.13 for the




a) SeC>2 / AcOH, 24hrs, reflux.
b) C H 2 (C H 2 S H ) 2 , C 6 H 5 C H 3 .
c) n-buLi, THF, C H 2 (CH 2 Br)2 , 3 days, -45°C,
d) NBS, THF, C H 3 OH.
e) H 2 NOH*HCl, AcOH




(CH2 ) 3  (0 ^ ) 3
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AcOH, 2 4 hr 
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162 163
The mass spectrum of hexapyridine was obtained by 
chemical ionization due to its lack of volatility. As reagent 
gases ammonia and methane gases were used but only methane 
gas gave a mass spectrum which was interpretable. The reagent 
ion of methane, C H 5 + , reacted with hexapyridine to give 






Figure 7. 1H NMR Spectrum of Hexapyridine. (a) 200 MHz and 
(b) 80 MHz (CDC13 ).
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Conclusion
The major interests of this research goal were the 
studies of the synthetic routes to functionalized nicotinic 
acid crown ethers and to the more complicate oligopyridino 
crown ethers with relatively small frameworks such as 
18-crown-6 analogs.
During the functionalization of carbinol of nicotinic 
acid crown ether, an unusually facile etherification of this 
macrocycle in the acidic alcohol media was encountered. 
Through the examination of the noncyclic models, we found 
that 2 ,6 -disubstituted alkoxy groups have a sizable 
contribution to the stabilization of carbonium ion at 
3-position of pyridine ring. Thus any suspicion about the 
role of ethereal bridge of nicotinic acid crown ether was 
completely eliminated. In the preparation of a formyl 
derivative of nicotinic acid crown ethers, the protection of 
formyl as its diethoxy acetal was found to be ineffective 
contrary to its well known inertness under nucleophilic 
reaction conditions. In an attempt to synthesize tripyridine 
crown ethers, 1,5-diketone intermediates were successfully 
utilized to form the middle ring of tripyridine moieties. By 
using 1 ,5-diketone intermediates the requirement in the use 
of preformed tripyridine moiety to use relatively long chain 
length of ethereal linkages was circumvented. This 
methodology was further extended to the application in the
177
syntheses of a pentapyridino crown ether and cyclic 
h exa p y r i d i n e .
In 1977, Cram je_t _al. suggested nine possible
2 ,6 -pyridino crown ethers for the complexation with 
t-butylammonium salts. Of the^e nine pyridino crown ethers 
84a was synthesized by Newkome ^ t  _al. in 1980 and J_1_ was 
prepared in an impure form by Cram et_ a l . in 1974. In this 
dissertation syntheses of 128, 13 1 , 1 5 7 , and 163 were 
described. Therefore hosts 5 4 , 5 6 , and J58_ remain to be 
synthesized.
The X-ray analysis of tripyridino macrocycle hydrates 
showed that those water molecules are not captured inside the 
ring cavities and rather placed above and below the 
cavities. The striking feature of macrocycle 1 2 8 ■trihydrate 
is the mu-bonding between two water molecules and the middle 
ring of tripyridine moiety.
The future work in the field of tripyridine macrocycles 
must include the modification of donor atoms, synthesis of 
2 :2 -macrocycle to study dinuclear metal complexation,
54 56 58
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relationship between the conformation of tripyridine moiety 
and the chain length of oligoethylene glycol bridge. 
Furthermore the incorporation of pyridine N-oxide of 
tripyridine macrocycles will result in semispherands 
comparable to those of Cram's. The high dipole moment of 
pyridine N-oxide and smaller cavity of tripyridino 
semispherands are expected to give excellent complexation 
with alkali metals.
Associated with the synthesis of cyclic hexapyridine 
performed in this dissertation, the synthesis of cyclic penta­
pyridine will be very interesting. CPK molecular models 
indicate that cyclopentapyridine is a highly strained 
framework, however, constructable by application of the same 





2 . n BuLi,
Br(CH2)3Br 
3- NBS
I.HS(CH2 >3SH. H+ NH20H-HCJ
Scheme 21. Proposed Reaction Routes for Pentapyridine.
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In the above Scheme the two pyridine rings adjacent to 
ethereal bridge are formed via an 1 ,5-diketone intermediate. 
This approach has the disadvantage of using 
dimethyltetrapyridine which must be easily avialable. In 
the proposed reaction Scheme 22 this disadvantage can be 
eliminated by utilizing dipyridine derivative. In this case 
two pyridine rings can be formed at the same time.
By simple modification of this procedure numerous 
novel, strained pyridino macrocycles can be constructed since 
the strain and/or rigidity are introduced in the last step of 
construction. The only limiting factor in this procedure is 
the researchers imagination and forethought.
I HS{CH2 )SH. H /  B f  
2 . n -B uU , *
' B r(C H 2 )3 CI (<JH^3




Scheme 22, An Alternative Reaction Routes to Pentapyridine.
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